Europdisches Patentamt 



(19) 


QjH European Patent Office 






Office europtendeslirevets 


(11) EP 0 745 694 A1 


(12) 


EUROPEAN PATENT APPLICATION 


(43) 


Date of Dublication: 


rsi^ int ci^ C22C 1/00 B22D 17/00 




04.12.1996 Bulletin 1996/49 


(21) 


Application number: 96108499.3 






Date of filing: 29.05.1996 




(Mi 


Designated Contracting States: 


(72) Inventors: 




DEFRGBIT 


• Adachi, MHsuru, 






c/o Ul>e Industries, Ltd. 


(30) 


Priority: 29.05.1995 JP 130134/95 


Oaza Kogushi, Ube-shi, Yamaguchi (JP) 




27.06.1995 JP 160890/95 


• Sasaki, Hiroto, 




14.09.1995 JP 236501/95 


c/o Ute Industries, Ltd. 




22.09.1995 JP 244109/95 


Oaza Kbgushi, Ube-stii, Yamaguchi (JP) 




22.09.1995 JP 244111/95 


• Harada, Yasunorl, 




26.09.1995 JP 247897/95 


c/o Ube Industries, Ltd. 




27.09.1995 JP 249482/95 


Oaza Kogushi, Ube-stii, Yamaguchi (JP) 




29.09.1995 JP 252762/95 


* Sakamoto, Tatsuo, 




29.09.1995 JP 252768/95 


c/o Ube Industries, Ltd. 




29.09.1995 JP 252769/95 


Oaza Kbgushi, Ube-slii, Y^magu<^i (JP) 




09.1 1 .1995 JP 290760/95 


• Sato, Satoru, 




08.12.1995 JP 320650/95 


c/o Ube Industries, Ltd. 




21.1Z1995 JP 332955^5 


Oaza Kbgushi, Ube-shi, Yamaguchi (JP) 




10.04.1996 JP87848S6 


• Yoshkia, Atsushi, 






c/o Ube Industries, Ltd. 


(71) 


AppiicanL- UBE INDUSTRIES, LTD. 


Oaza Kogushi, Ube-shi, Yamaguchi (JP) 




UlM-sM, YamagudiHcen 755 (JP) 






(74) Representative: Strehi Schubel-Hopf Groening & 






Partner 






Maximlllanstrasse 54 






80538 Munchen (DE) 



(54) Method and apparatus for shaping semisolid metals 

(57) The improved method and apparatus for the 
semisolid forrrang of alloys to enable shaped parts hav- 
ing a fine-grained, spherical thixotropic structures to be 
produced in a convenient easy and inexpensive man- 
ner without rel^ng upon the conventkmal mechanical or 
electromagnetic agitation. In the method, a liquid alloy 
having aystal nudei at a temperature not lower than the 
liquidus temperature or a partially solid, partially Gquid 
alloy having crystal nuclei at a temperature not kiwer 
than a molding temperature is fed into an insulated ves- 
sel having a heat insulating effect held in said insulated 
vessel for a period from 5 seconds to 60 minutes as it is 
'cooled to the molding temperature where a specified 
fraction Iquid is established, thereby crystallizing fine 
primary crystals in the altoy solution, and the alloy is fed 
into a forming wM, where it is shaped under pressure. 
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Description 

5 Tills invention relates to a method of shaping semisofid metals. More particulaiiy. the invention relates to a method 
of shaping senvsolid metals, in which liquid alloy having crystal nuclei at a tenperature not lower than the liquidus tenv 
perature or a partially solid, partially liquid alloy having crystal nuclei at a temperature not lower than a molding temper- 
ature is fed into an insulated vessel having heat insulateing effect, holding the alloy for a period from 5 seconds to 60 
minutes as it ts coded to the molding temperature where a specified fraction liquid is established, thereby generating 
10 fine primary crystals in the alloy solution and the alloy is shaped under pressure. The invention also relates to an appa- 
ratus for implementing thus method. 

Various methods for sfiaping semisoTid metals are known in the art. A thixo-casting process is drawing researcher's 
attention these days since it involves a fewer molding defects and segregations.produces uniform metallographic struc- 
tures and features longer mold fives but shorter molding cycles than the existing casting techniques. The billets used in 
15 this moldng method (A) are characterized by spheroidized structures obtained by either performing mechanical or elec- 
tromagnetic agitation in temperature ranges that produce semisolid metals or by taking advantage of recryslallizafion 
of worked metals. On the other hand, raw materials cast by the existing methods may be mokJed in a semisold state. 
Ihere are three examples of this approach; the first two concern magnesium alleys that wilt easily produce an equiaxed 
nucrostructure and Zr is added to induce the fbmnatton of finer crystals [method (B)] or a caft)onaceous refiner is added 
20 for the same purpose [method (C)]; the third approach concerns aluminum alloy and a master alloy comprising an Al- 
5% Ti-1% B system is added as a refiner in amounts ranging from 2 - 10 times the conventional amount [method (D)]. 
The raw materials prepared by these methods are heated to temperature ranges that produce semisolid metals and the 
resulting primary aystals are spherokiized before mokJing. It Is also known that alloys within a solubility limit are heated 
fairly rapkJly up to a tenperature near the solidus line and. thereafter, in order to ensure a uniform tanp^ature profile 
25 through the raw material while avokfing k)cal melting, the altoy is slowly heated to an appropriate temperature beyond 
the sdkius line so that the material becomes suff ictently soft to be mokJed [method (E)]. 

These methods in whk^i billets are mokJed after they are heated to temperatures that produce semtsofid metals are 
in sharp contrast with a rtieo-casting process (F), in which molten metals containing spherical primary crystals are pro- 
duced continuously and molded as such without being solklif led to billets. 
30 However, me above-described conventional m^hods have their own problems, method (A) is cumbersome and the 
production cost is high irrespective of whether the agitation or recrystallization technique is utilized. When applied to 
magnesium alloys, method (B) is economically disadvantageous since Zr is an expensive element and speaking of 
method (C). in order to ensure that cartxmceous r^ners wlU exhPsit their fiinclton to the fullest extent, the additton of 
Be as an oxkjation control dement has to be reduced to a level as low as about 7 ppm but then the alloy is prone to 
35 burn by oxkJation during the heat treatment just prbr to mokfing and this is inconvenient in operations. 

In tiie case of aluminum alloys, about 500 ^m is the size that can be achieved by the mere additk)n of ref iners and 
it is not easy to obtain crystal grains finer than 100 pn\. To solve this problem, inaeased amoimts of refiners are added 
in method (D) but this is industrially cSfTicult to implement because the added reliners are prone to settle on the bottom 
of the furnace; furthermore, the method is costly Method (E) is a thixo-casting process which is characterized by heat- 
40 ing the raw material sk}wly after the temperature has exceeded the solidus line such that the raw material is uniformly 
heated and spherokfized. In feet, however, an ordinary dendritk: mterostructure will not fransk)rm to a thixotropic struc- 
ture (in whrch the primary dendrites have been spheroidized). What is more, thixo-casting methods (A) - (E) have a 
comnxm problem in that they are more costly than the existing casting methods because m order to perfomn mokjing in 
the semisolkl state, the lk|iAd phase nvst first be sofidif led to prepare a billet, whwh is heated again to a temperature 
45 range that produces a semisold metal. In contrast, method (F) which continuously generates and supplies a molten 
metal containing spherical primary crystals is more advantageous than the thixocasting approach from the >dewpoint of 
cost and energy but. on the other hand, the machine to be installed for producing a metal material consisting of a spher- 
ical structure and a Tiqukj phase requires cumbersome procedures to assure effective operative assodatkm with the 
casting machine to yield the f inal product. 
50 The present invention has been accomplished under these drcumstances and has as an object provcling a method 
that does not use billets or any cumbersome procedures txjt which ensures convenience and ease in the production of 
semisolid metals having fine primary crystals and shepng ttiem under pressure. 

Another object of the viventton is to provkle an apparatus that can implement this method. 

55 Summary of the Invention 

The first object of the inventk}n can be attained by the method of shaping a semisolkl metal redted in daim 1 . in 
whk:h a fiquU aHoy having crystal nuclei at a temperature not lower than the liqukius temperature or a partially sofid. 
partially Uquki alloy having crystal nudisi at a temperature not kiwer than a mokling temperature is fed into an insulated 
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vessel having a heat insulating effect held in said insulated vessel for a period from 5 seconds to 60 minutes as it is 
cooled to the molding tenrperature where a specified fraction liquid is established, thereby crystallizing prinrtary crystals 
in the alloy solution, and the alloy is fed into a forming mold, where it Is shaped under pressure. 

According to claim 2, the crystal nuclei mentioned in claim 1 are generated by contacting the molten alloy with a 
surface of a jig at a temperature lower than the melting point of said alloy which has been held superheated to less than 
300^*0 above the liquidus temperature. 

Accorcfing to claim 3, the jig mentioned in claim 2 is a metallic or nonmetallic jig. or a metallic jig having a surface 
coated with nonmetallic materials or semiconductors, or a metallic jig compounded of nonmetalltc materials or semicon* 
ductor. with said jig being adapted to be coolable from either inside or outside. 

According to claim 4, the crystal nuclei mentioned in claim 1 or 2 are generated t>y applying vibrations to the molten 
metai in contact with eitiier the jig or the insulated vessel or both. 

According to claim 5, the alloy mentioned in daim 1 or 2 is an aluminum alloy of a conrposition within a nnaximum 
solubility limit or a hypoeutectic aluminum alloy of a composition at or above a maximum solubility limit 

According to daim 6, the alloy mentioned In daim 1 or 2 Is a magnesium alloy of a composition within a maximum 
solubility limit 

According to daim 7, tfie aluminum alloy mentioned in daim 5 has 0.001% - 0.01% B and 0.005% - 0.3% H added 
thereta 

Accading to daim 8. the magnesium alloy mentioned in daim 6 is one having 0.005% - 0.1% Sr added tiiereto. or 
one having 0.01% - 1 .5% Si and 0.005% - 0.1% Sr added thereto, or one having 0.05% - 0.30% Ca added thereto. 

According to daim 9. a molten alumirujm alloy held superheated to less than 100**C above the liquidus temperature 
is directiy poured into an insulated vessel wittiout using a jig. 

According to daim 10. a molten magnesium alloy held superheated to less than lOO^C above the liquidus temper- 
ature is directiy poured into an insulated vessel without using a jig. 

According to daim 1 1 , liquid alloy having crystal nudei tiiat has been superheated by a degree (K ""C) of less tiian 
10*^0 above the liquidus line is held in an insulated vessel for a period from 5 seconds to 60 minutes as it is coded to a 
molcGng temperature where a specified fraction fiquid is established, such that the cooling from the initial tenrperature 
at which said alloy is held in said insulated vessel to its fiquidus temperature is completed within a time shorter tiian the 
time Y (in minutes) calculated by the relation Y=10-X and thiat the period of cooling from said initial temperature to a 
temperature 5''C lower than said liquidus temperature is not longer than 1 5 minutes, whereby fine primary crystals are 
crystairized in tiie alloy solution, which is then fed into a forming mdd. where It is shaped under pressure. 

According to daim 12, a partially sofid. partially liquid alloy having aystal nudei at a temperature not lower tiian a 
mdding temperature is held witfiin an insulated vessel for a period from 5 seconds to 60 n^nutes as it is coded to tiie 
molding temperature where a specified fraction liquid is established.such tiiat the period of cooling from the initial tem- 
perature at wfiich said alloy is held in said insulated vessel to a tempo'ature S^'C tower tiian its liquidus temperature is 
not longer tfian 15 minutes, whereby fine primary crystals are crystallized in the alloy solution, v^ich is then fed into a 
forming mold, where it is shaped under (M'essure. 

Accading to daim 13, ttie cry^l nudei mentioned in daim 1 1 or 12 are generated by holding a molten alloy super- 
heated to less than 20(y*C above the liquidus temperature and contacting tiie melt with a surface of a jig at a lower tem- 
perature tiian its melting point. 

The second object of the invention can be attained by tiie apparatus recited in daim 14 which is for produdng a 
semisond forming melal having fine primary crystals dispersed in a liquid phase, said apparatus comprising a nudeus 
generating section ttiat causes a molten metal to contact a cooling jig to generate crystal nuda in tiie solution and a 
crystd generating section having an insulated vessel in which tiie metal obtained in said nudeus generating section is 
held as it is cooled to a molding temperature at which said m^l is partially solid, partially fiqtid. 

According to daim 15. the cooling jig in the nudeus generating section mentioned in daim 14 is eitiier an indined 
flat plate that has an internal channel for a cooling medium and tiiat has a pair of weirs provided on tiie top surface par- 
allel to the flow of the melt or a cylindrical or semicyfindrical tibe. 

According to daim 16. liquki alloy having crystal nudei at a temperature not lower than tiie liquidus temperature or 
a partially sofid. partially liquid having crystal nudei at a tenperature not lower tiian a mdding temperature is poured 
Into a vessel so tiiat it is cooled to a temperature at which a fraction solid appropriate for shaping is estaUished. said 
vessel being adapted to be beatable or coolable from eitiier inside or outside, l>eing made of a material having a thermal 
conductivity of at least 1 .0 kcaMir • m « ''C (at room temperature) and being held at a temperature not higher than the 
liquidus temperature of said alloy prior to its pouring, and said alloy is poured into said vessel in such a manner tiiat 
fine, nonderxJritic primary aystals are aystallized in said alloy solution and that said alloy is cooled rapidly enough to 
be provided with a uniform temperature profile in said vessel, and said alloy, after being coded, is fed into a forming 
mdd. where it is shaped under pressure. 

Accading to daim 1 7. tiie step of coding tiie alloy mentioned in daim 16 is perfomied witii tiie top and bottom por- 
tions of tiie vessel being heated by a greater degree than tiie middle portion or heat-r^ned with a heat-retaining mate- 
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rial having a thermal conductivity of less than 1.0 kcal/hr -m- "C or with either the top or bottom portion of the vessel 
k>eing heated while the renfiainder is heat-retained. 

According to daim 1 8. the step of cooling the alloy mentioned in daim 16 is performed with the vessel hokfing said 
alloy being accomnrxxtated in an outer vessel that is capable of accommodating said alloy holding vess^ and that has 

5 a smaller ttiennal conductivity than said holding vessel, or that has a thermal conductivity equal to or greater than that 
of said holding vessel and which has a higher initial temperature than said holding vessel, or that is spaced from said 
holding vessel by a gas-filled gap. at a sufficiently rapid cooling rate to provide a uniform temperature profile through 
the alloy in said holding vessel no later than the start of the shaping step. 

Acconfing to claim 19. there is provided a method of managing the temperature of a semisolid metal slurry for use 

10 in molding equipment in which a molten metal containing a large number of crystal nudei is poured Into a vessel, where 
it is cooled to produce a semisolid metal slurry containing t)oth a so5d and a liquid phase in specified amounts, said 
slurry being subsequently fed into a molding machine for shaping under pressure, which method is characterized in that 
the vessel for holding said molten metal is temperature-managed such as to establish a preset desired tenperature 
prior to the pouring of said molten metal and such that said molten metal is cooled at an intended rate after said molten 

IS metal is poured into s^ vessel. 

According to daim 20. there is provided an apparatus for managing the terrperature of a semisolid metal slurry to 
be used in mddHig equipment in which a molten metal containing a large number of crystal nudei is poured from a melt 
holding furnace into a vessel, where it is cooled to produce a semisolid metal slurry contairvng both a solid and a liquid 
phase in specified anxtunts and in which said slurry is directly fed into a molding machine for shaping under pressure. 

20 which apparatus is further charaderized by compriseing the vessel for holding said molten metal, a vessel temperature 
contrd section for managing the temperature of said vessel, a semisofid metal cooling sedfon for managing the tem- 
perature of the as-poured molten metal such that it is coded at an intended rate, and a vessel transport mechanism 
comprising basically a robot for gripping, moving and transporting said vessel and a conveyor for caaying. moving and 
transporting said vessel. 

25 According to daim 21 , the vessel temperature control section mentioned in daim 20 comprises a vessel cooling 
furnace for cooling the vessel in an ambient temperature not higher than a target temperature for the vessel and a ves- 
sel heat-retaining furnace for holding the vessel at an ambient temperature equal to said target temperature. 

According to daim 22. the setrvsoTid metal coding sedfon mentioned in daim 20 comprises a semisolid metal cool- 
ing furnace and a semisolid metal annealing furnace for managing the temperature in itself to be tu^er than the tem- 
30 perature in said semisdid metal cooling furnace. 

According to claim 23. the semisolid metal cooling furnace in the semisoSd metal coding section mentioned in 
daim 22 is such that the area around the vessel carried on the conveyor device moving to pass through said furnace is 
partitfoned into three regions, the upper, middle and lower parts, by means of two pairs of heat Insulating plate, one pair 
consisting of an upper right and an upper left plate and the other pair consisting of a lower right and a lower left plate, 
35 with a heater bang installed in both said upper and lower parts for heating said two parts at a higher temperature than 
hot air to be supplied to said central part 

Accading to daim 24. a preheating furnace is installed at a stage prior to the semisolid metal cooling furnace in 
claim 22 to ensure that both a plinth having a lower thermal conductivity than the vessd and which carries said vessel 
before it is deeded to said semisolid metal cooling fumace and a lid having a lower thermal conductivity than said ves- 
40 set and wfvch is to be placed to cover it after it acconmodates said molten metal are preheated by being moved to pass 
through said preheating furnace in advance. 

According to daim 25. the semisolid metal cooling furnace is equipped with a control unit with which the tempera- 
ture or the velocity of hot air to be supplied into said semisolid metal cooling fumace is contrdled to vary with the lapse 
of time. 

45 According to daim 26. the semisolid metal cooling furnace mentioned in daim 22 corrprises an anray of housings 
each accommodating the vessel as it contains the molten metal and being equipped with an openable cover and hot air 
feed/exhaust pipes, as well as a mechanism by which a receptade for carrykig said vessel is rotated about a vertical 
shaft. 

According to daim 27. a vibrator for vibrating the receptade mentioned in daim 26 is provided for each housing. 
so According to daim 28, the semtsoTid metal coofing fumace for treating the molten metal as poured into a vessel 
having a thermal condudivity of at lea^ 1 .0 kcal/hr • m • ""C is supplied witii hot air having a temperature in the range 
from 150*^0 to 350**C for aluminum alloys and from 200*C to 450'*C for magnesium alloys. 

According to daim 29. the semisolid metal coofing furnace for treating the molten metal as poured into a vessel 
having a thermal conductivity of less than 1 .0 kcal/hr • m • <»C is suppfied with hot air havnig a temperature in range from 
ss SO^'C to 200''Cfor alumimjm alloys and from 100^*0 to 250''C for magnesium alloys. 

According to daim 30. the molten metal as poured into the insulated vessel in daim 1 or 2 is isolated from the ambi- 
ent atmosphere by dosing the top surface of said vessel with an insulating lid having a tieat insulating effect as fong as 
said mdten melal is held within said vessel until tiie molding temperature is reached. 

According to daim 31 . the alloy in daim 1 or 2 is specif ied to a zinc alloy. 
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According to claim 32. the alloy in claim 1 or 2 is specified to a hypereutectic Al-Si alloy having 0.00S% - 0.03% P 
added thereto or a hypereutectic Al-Si alloy containing 0.005% - 0.03% P having either 0.00S% • 0.03% Sr or 0.001% 
- 0.01% Ma or tx>th added thereto. 

According to daim 33, the alloy in claim 1 or 2 is specified to a hypoeutectic Al-Mg alloy containing Mg ni an amount 
5 not exceeding a maximum sdutxlity limit and which has 0.3% - 2.5% Si added th^-eto. 

According to daim 34, the pressure forming in daim 1 or 2 is accomplished with the alloy being inserted into a con- 
tainer on an extrudirig machine. 

According to daim 35, the extruding machine is of either a horizontal or a vertical type or of such a horizontal type 
in which the container changes position from tieing vertical to horizontal and the method of extrusion is either direct or 
w indirect 

According to daim 36, the crystal nudei m daim 1 are generated by a mettKxJ in which two or more liquid alloys 
having different melting points that are held superheated to less than 50^0 above the liquidus temperature are nvxed 
either directly within the insulated vessel having a heat insulating effect or along a trough in a path into the insulated 
vessel, such that the temperature of the metal as mixed is either just above or below the liquidus temperature. 

15 Acoorcfing to daim 37, the two or more metals to be mixed in daim 36 are preliminarily contacted with respective 
jigs each having a cooling zone such as to produce metals of different melting points that have crystal nudei and which 
have attained temperatures just either above or below the liquidus temperature. 

According to daim 38. the top surface of the semisofid metal that is held wHfiin the insulated vessel and which is to 
be fed into the forming mold in daim 1 is removed k3y means of either a metallic or nonmetallic jig during a period from 

20 just after the pouring into said vessd txjt before the molding temperature is reached and. thereafter, said serrasofid 
metal is inserted into an ii^ection sleeve. 

According to daim 39. the outer vessel in daim 18 is heated either from inside or outside or by induction heating, 
with such heating being performed only or before or after the insertion of the holding vessel into the outer vessel or con- 
tinued throughout the period not only before but also after the insertion. 

25 According to daim 40, the aluminum alloy in daim 9 is replaced by a zinc alloy. 

With these methods and apparatus of the invention, either liquid or partially solid, partially liquid alloys having crys- 
tal nudei (as exemplified by molten Al and Mg alloys) are charged into an insulated vessel having a heat insulating 
effed and held there for a period from 5 seconds fo 60 minutes as they are coded to a molding temperature, whereby 
fine and spherical primary crystals are generated in the sdution and the resulting semisolid alloy is fed into a mdd, 

30 where it Is pressure formed to produce a shaped part having a homogeneous microstrudure. 

Brief Description pf th^ Drgwinq^ 

Rg. 1 is a diagram showing a process sequence for the semisolid forming of a hypoeutectic aluminum alloy having 
35 a composition at or atx>ve a maximum solubility limit: 

Fig. 2 is a diagram showing a process sequence for the semisolid forming of a magnesium or alumvuim alloy hav- 
ing a conposition within a maximum solubility limit; 

Fig. 3 shows a process flow starting with the generation of spherical primary crystals and ending with the molding 
step; 

40 Fig. 4 shows diagrammatically the metallographic strudures obtained in the respective steps shown in Fig. 3; 
f=tg. 5 is an equilibrium phase diagram for an Al-Si alloy as a typical aluminum alloy system; 
Fig. 6 is an equilibrium phase diagram for a Mg-AI alloy as a typical magne^um alloy system; 
Ftg. 7 is a diagranvnatic representation of a micrograph showing the metallographic structure of a shaped part 
according to the inventfon; 

45 Fig. 8 is a diagrammatic representation of a micrograph showing the metallographic structure of a shaped part 
according to the prior art; 

Fig, 9 is a diagram showing a process sequence for the semisolid forming of hypoeutectic aluminum alloys having 
a composition at or above a maxiimm solubility limit according to examples of the invention (as recited in daims 
11 -13 and 18); 

50 Fig. 10 is a diagram showing a process sequence for the semisolid forming of magnesium or aluminum alloys hav- 
ing a composition within a maximum solubility limit according to examples of the invention (as recited in da'ims 1 1 
-13 and 18); 

Fig. 1 1 is an equilit}rium phase diagram for Al-Si alloys as a typical aluminum alloy system according to the ofiven- 
tion (as recited in daims 11-13 and 18); 
55 Fig. 12 is an equilibrium phase diagram fbr Mg-AI alloys as a typical magnesium alloy system according to the 
invention (as recited in claims 11-13 and 18); 

Fig. 13 is a diagrammatic representation of a micrograph showing the metallographic structure of a shaped part 
according to the invention (as recited in claims 1 1 - 13); 
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Fig. 14 is a diagrammatic representation of a rrvaograph showing the metallographic structure off a shaped part 
according to the prior art (for comparison with the invention recited in claims 1 1 - 13); 
Fig. 15is a graph showing how the holding time aftects the crystal grain size of a prior art alloy (AZ91): 
Fig. 16 is a graph showing how the holding time affects the crystal grain size of a prior art alloy (AC4CH): 
Fig. 1 7 is a graph showing how the degree of stperheating of the prior art alloy AZ91 (above the liquidus One) and 
the holding time (from the initial temperature within an insulated vessel to the liquidus temperature) affect the crys- 
tal grain size of the alloy; 

Fig. 1 8 is a graph showing how the degree of superheating of the prior art allpy AC4H (atx3ve the liquidus fine) and 
the holding time (from the initial temperature within the insulated vessel to the liquidus tenperature) affect the crys- 
tal grain size of the alloy; 

Fig. 1 9 Is a graph shOMdng how the holding time (from the initial temperature within the insulated vessel to the liq- 
uidus temperature minus S'^C) affects the crystal grain size of the prior art alloy AZ91 ; 

Fig. 20 is a graph showing how the holding time (from the initial temperature within the insulated vessel to the liq- 
uidus temperature minus S^'C) affects the crystal grain size of the prior art alloy AC4CH; 
Fig. 21 is a side view of an apparatus for producing a semisolid forning metal aocorcfing to an example of tfie inven- 
tion (as recited in claims 14 and 15); 

Fig. 22 is a perspective view of a cooling jig as part of the nucleus generating section of the apparatus shown in 
Fig. 21; 

Fig. 23 shows in cross section two types of a cooling jig as part of the nucleus generating section of an apparatus 
for producing a semteolid fomrvng metal according to another example of the nwention (as recited in claims 14 and 
15); 

Fig. 24 is a sectional side view of a cooling jig as part of the nucleus generating section of an apparatus for produc- 
ing a semisolid forming metal according to yet another example of the invention (as recited in claims 14 and 15); 
FiQ. 25 is a plan view showing the general layout of an apparatus for producing a semisolid forming metal according 
to another example of tiie invention (as recited In claims 14 arxJ 15); 
Fig. 26 IS a fongitudinal section A-A of Rg. 25; 
Fig. 27 is a longitudinal section B-B of Fig. 25; 

f=fg. 28 is a longitudinal section of an insulated vessel in tiie examples of the invention (as recited In claims 14 and 
15>; 

Fig. 29 shows a process flow starting with the generation of spherical primary crystals and ending with the molding 
step (as recited in claims 16 arxj 1 7); 

Rg. 30 compares two graphs plotting the temperature changes in the metal beir)g cooled w'rthin a vessel during 
steps shown in Rg. 29; 

Rg. 31 illustrates four methods of managing tiie temperature witiiin a vessel according to the invention (as recited 
in claims 16 and 17); 

Fig. 32 shows a process flow starting with the generation of spherical primary crystals and ending with the mokfing 
step according to the invention (as recited in daim 18); 

Fig. 33 compares the temperature profiles through two semisolid metals, one k>eing held vwttiin a vessel accordaig 
to an example of the invention (as recited in claim 18) and the otiier treated by tiie prior art; 
Fig. 34 is a diagrammatic representation of a micrograph shovinng the metallographic structure of a shaped part 
according to the prior art (for comparison witti the invention recited in daim 18); 

Rg. 35 is a diagrammatic representation of a miaograph showing the metallographic structure of a shaped part 
according to an example of the invention (as recited in daim 18); 

Fig. 36 is a plan view showing the general layout of mddng equipment (ns fust embedment) accordng to an exam- 
ple of the invention recited in claims 19 - 23; 

Rg. 37 is a plan view of a temperature management unit Ots first entxxliment) according to an exanple of the 
invention recited in daims 1 9 - 23; 

Fig. 38 is a graph showing the specific positions of temperature measurement within a vessel according to an 
example of the invention (as recited in daims 19 - 23); 

Fig. 39 is a graph showing the temperature history of coding within the vessd according to an example of the 
invention (as redted in claims 19 - 23); 

Fig. 40 is a graph showing the temperature history of coding vnthin the vessel according to another example of the 
invention (as recited in daims 19 - 23); 

Rg. 41 is a graph showing the temperature history of coding within the vessd according to another example of tiie 
invention (as recited in daims 19 - 23); 

Fig. 42 is a fongitudinal section of a semisd'id metal cooling furnace according to another example of the invention 
(as recited in daims 19 - 23); 

Rg. 43 IS a plan view of a temperature management unit (its second embodiment) according to otiier examples of 
^e invention (as recited \n daims 19 - 29); 
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Fig. 44 is a longituclinal section A-A of Rg. 43; 

Fig. 45 shows the temperature prof 9es in Ihe vessel fitted with heat insulators acxx)rding to an example of the inven- 
tion (as recited in claims 1 9 - 29) as compared with the temperature profile in the absence of such heat insulators: 
Fig. 46 is a plan view of a temperature management unit (Hs third emtxKliment) according to another example of 
the invention (as recited in daims 19 - 29); 

Fig. 47 shows schematiccdly the composition of a temperature controller fits first emtxxiiment) for a sen^lid metal 

cooling furnace according to an example of the invention (as recited in daims 19 - 29); 

Fig. 48 shows schematically the composition of a temperature controller fits second entbodiment) for a semisolid 

metal cooling furnace according to another example of the invention (as recited in daims 19 - 29); 

Fig. 49 is a longitudinal section of a vessel rotating unit according to an example of the invention (as recited in 

claints 19-29); 

Fig. 50 IS a plan view showing the general layout of molding eqiipment according to an example of the invention 
(as recited in claims 24 - 29); 

Fig. 51 is a longitudinal sectional view showbig in detail the position of temperature measurement within the holding 
vessel in the example sfK>wn in Rg. 50; 

fHg. 52 is a graph showing the temperature history of cooling within the holding vessel in the example sfiown in Rg. 

50; 

Rg. 53 is a longitudinal section of a semisdkJ metal cooling furnace (equipped with a vessel vtorator) according to 
the third emtxxiiment of the invention recited in daims 24-29; 

Rg. 54 shows a process flow starting with the generation of spherical primary crystals and ending with the molding 
step according to the invention (as recited in daim 30); 

Fig. 55 is a diagram showing a process sequence for the sen^soSid forming of a zinc alloy of a hypoeutecfic com- 
position according to the invention (as recited in claim 31 ); 

Fig. 56 is an equiltorium phase diagram for a binary Zn-Al alloy as a typical zinc allc^ system accorcfing to the inven- 
tion (as recited in claim 31); 

Fig. 57 is a diagrammatic representation of a micrograph showing the metallographic structure of a shaped part 
according to the invention (as recited in daim 31); 

Rg. 58 is a diagrammatic representation of miaograph showing the metallographic structure of a shaped part 
accordirig to the pria art (for comparison with the invention recited in daim 31); 

Rg. 59 is a diagram shOMdng a process sequence for the semisolid fbrming cH a hypereutectic Ai-Si aHoy according 
to an example of the invention (as recited in daim 32); 

Fig. 60 shows a process flow starting with the generation of spherical primary crystals and ending witii the molding 
step according to the example shown in Rg. 59; 

Rg. 61 shows diagrammattcally the metallographic structures obtained in the respective steps shown in Rg. 60; 
Rg. 62 is an equilibrium phase diagram for a binary Al-Si alloy according to another example of the invention (as 
recited in daim 32); 

Rg. 63 IS a diagrammatic representation of a micrograph showing the metallographic structure of a shaped part 
according to the invention recited in daim 32; 

Fig. 64 is a diagrammatic representation of a micrograph showing tiie metallographic structure of a shaped part 
according to tiie prior art (for comparison with the invention recited in daim 31); 

Fig. 65 is an equilbrium p^ase diagram for a binary Al-Mg aNpy according to the invention (as recited in daim 33; 
Fig. 66 is a diagrammatic representation of a micrograph showing the metallographic structure of a shaped part 
according to an example of the invention (as recited in daim 33); 

Fig. 67 is a diagrammatic representation of a micrograph showing the metallographic structure of a shaped part 
according to tiie prior art (for comparison with the invention recited in daim 33); 

Rg. 68 shows process flow starting with the generation of spherical primary crystals and ending with the molding 
step according to an exan^e of the invention (as recited in claims 34 and35); 

Fig. 69 shows two process sequences for the semisolid forming of a hypoeutectic aluminum alloy according to an 
example of the invention (as recited in claims 36 and 37); 

Rg. 70 shows a process flow starting with the generation of spherical primary crystals and ending with the mokfing 
step according to the example shown in Rg. 69; 

Rg. 71 shows diagrammat'ically the metallographic structures obtained in the respective steps shown k\ Rg. 70; 
Rg. 72 IS a diagrammatic representation of a micrograph showing the metallographic structure of a shaped part 
according to tiie example shown in Fig. 69; 

Fig. 73 is a diagrammatic representation of a micrograph showing tiie metallographic structure of a shaped part 
according to tiie prior art (for comparison witii tiie invention recited in daims 36 and 37); and 
Fig. 74 shows a process flow starting witii ti)e generation of spherical primary crystals and ending with the molding 
step according to an example of the invention (as recited In daim 38). 
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Detaited Description of the Invenlion 

A liquid aUoy having aystal nuclei at a temperature not lower than the Uquidus fine or a partially solid, partially Gquid 
alloy having crystal nuclei at a tenperalure not Icwer than a molding temperature, as exemplified by a molten aluminum 
or magnesium alloy, is fed Into an Insulated vessel having a heat insulating effected, and the alloys are held in that ves- 
sel for a period from 5 seconds to 60 muiutes as they are cooled to the molding temperature, thereby generating fine 
and spheroidized primary aystals in the alloy solution and the resulting semisolid aUoy is fed into a mold, where it is 
pressure formed into a shaped part having a homogeneous miaostructure. 

Example 1 

An example of the invention (as recited in claims 1 - 10) will new t>edescnbed in detail with reference to accompa- 
nying Rgs. 1-8. in which: Fig. 1 is a diagram showing a process sequence for the semisolid forming of a hypoeutectic 
aluminum alloy having a composition at or above a maxhnum sdidMlity firrvt; Fig. 2 is a diagram showing a process 
sequence for the semisolkl forming of a magnesium or aluminum alloy having a composition within a maximum solubil- 
ity fimit; Fig. 3 Shows a process flow starting with the generation of spherical primary crystals and ending with the mold- 
ing step; Fig. 4 shows diagranmatically the metallographic structures obtained in tiie respective steps shown in Fig. 3; 
Rg. 5 is an equilibrium phase diagram tor an Al-Si alloy as a typical aluminum alloy system; Fig. 6 is an equilibrium 
phase (fiagram for a Mg-AI alloy as a typical magnesium alloy system; Rg. 7 Is a diagrammatic representation of a 
nticrograph showing the metallographic structure of a shaped part according to the invention; arxJ Fig. 8 is a diagram- 
matic representation of a micrograph showing the metallographic structure of a shaped part according to the prior art. 

As shown in Figs. 1.2.5and6fliefir8tstepof theprocessaccofdingtotheuiveritioncorriprises: 

(1) superheating tiie melt of a hypoeutectic aluminum alloy of a composition at or above a maximum solubility limit 
or a magnesium or aluminum alloy of a corrposition within a maximum solubility limit holding the melt superheated 
to less than 300^0 at)ove tfie liquidus tenrperature and contacting tfie melt with a surfeice of a jig at a lower temper- 
ature fhan Hs melting point so as to generate crystal nuclei in the alloy solution: or alternatively. 

(2) superheating the melt of an alumirxjm or magnesium alloy containing an element for promoting the generation 
of crystal nuclei, holding the melt superheated to less ttian lOO^C above the liquidus tenperature. 

The cooled n^ten alloy prepared in (1) is poured into an insulated vessel tiaving a heat insulating effect and, in the 
case of (2). the melt is directiy poured into the insulated vessel without being coded witii a jg. The melt is held witfiin 
the msulated vessel for a period from 5 seconds to 60 mirajtes at a temperature not higher than the fiquidus temperature 
but Ngher tiian the eutectk: or solidus tenperature. whereby a large number of fine spherical primary ayslals are gen- 
erated in the alloy, which is tiien shaped at a specified fraction Fiquid. 

The term "a specified fraction liquid" means a relative proportion of the liquid phase which is suitable for pressure 
forming. In high-pressure casting operations such as die casting and squeeze casting, tiie fraction Fquid ranges from 
20% to 90%. preferably from 30% to 70%. If the fraction liquid is less than 30%, tiie formability of the raw material is 
poor; above 70%. tiie raw material is so soft that it is not only difficult to handle but also less likely to produce a homo- 
geneous nvcrostructure. In extruding and forging operations, tiie fraction liquid ranges from 0.1% to 70%. preferably 
from 0.1% to 50%. beyond which an inhomogeneous structure can potentially occur. 

The Insulated vessel" as used in the invention is a metallic or nonmetallic vessel, or a metallic vessel having a sur- 
face coated witii nonmetallic materials or semiconductors, or a metallic vessel compounded of nonmetallic materials or 
semiconductor, which vessels are adapted to t>e either heataUe or ooolable from ^tiier inside or outslda 

According to tiie invention, semisolkl metal forming will proceed by the following specific procedure In step (1) of 
the process sliown in Figs. 3 arxi 4. a complete fiquid form of metal M is contained in a ladle 10. In step (2), the metal 
is treated by either one of tiie following methods to produce an alloy having a large number of aystal nude which is of 
a composition just below tiie liquidus line: (a) the low-temperature melt (wfuch may optionally contain an element that 
is added to promote the generation of crystal nudei) is cooled witii a jig 20 to generate crystal nudei and tiie melt Is 
then poured into a ceramic vessel 30 having a heat insulating effect; or (b) tiie low-temperature melt of a composition 
just above tiie melting point which contains an element to promote the generation of a fine structure Is directiy poured 
into flie insulated vessel (or a ceramics-ooated metalfic vessel 30A) having a heat insulating effect. In subsequent step 
(3) tiie alloy is held partially mdten witiiin the ir^ulated vessel 30 (or 30A). In the meantime, very fine, isotropic dendritic 
primary crystals result from the introduced crystal nudei [step (3)-a] and grow into spherical primary crystals as the 
fraction solid Increases witii the deaeasing tenperature of the melt [steps (3)-b and (3)-d. Metal M ttius obtained at a 
specified fraction liquid is inserted into a die casting injection sleeve 40 [st^ (3)-d] and thereafter pressure formed 
witiiin a mold cavity 50a on a die casting machine to produce a shaped part [step (4)]. 

The semisdid metal forming process of tiie invention shown in Rgs. 1 - 4 has ot}vi(Mis differences from the conven- 
tional ttiixocasting and rheocasting mettKxis. In tiie invention mettiod. the dendritic primary crystals that fiave been 
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crystallized within a temperature range for the semisolid state are not ground into spherical grains by mechanical or 
electromagnetic agitation as in the prior art txit the large number of primary crystals that have been crystallized and 
grown from the introduced crystal nudei with the decreasing temperature in the range for the semisolid state are sphe- 
roidized continuously by the heat of the aflpy itself (which m^ optionally be supplied with external heat and held at a 
desired tenrperature). In addition, the semisoGd metal forming method of the invention is very convenient since It does 
not involve the step of partially melting billets by reheating in the thixocasting process. 

The casting, spheroidizing and molding conditions that are respectively set for the steps shown in Fig. 3. namely, 
the step of pouring the molten metal on to the cooling pg 20, the step of generating and spheroidizing primary crystals 
and the forming step, are set forth below more specifically. Also discussed below is the criticarity of the numerical limi- 
tations set forth in claims 2 and 7 - 10. 

If the casting temperatire is at least SOO^'C higher than the melting point or if the surface temperature of jig 20 is 
not lower than the melting point the following phenomena will occur; (1 ) only a few crystal nudei are generated; (2) the 
tenperature of the melt M as poured into the insulated vessel having a heat Insulating effect is higher than the Gquidus 
temperature and, hence, the proportion of the remaining crystal nudei is low enough to produce large primary crystals. 

To avoid these problems, the casting tenperature to be employed in the invention is controlled to be such that the 
degree of superheating above the tiquidus line is less tfian SOO^'C whereas the surface temperature of jig 20 is control- 
led to be tower than the melting point of alloy M. Primary crystals of an even f iner size can be produced by ensuring that 
the degree of superheating above the liquidus line is less than 1 0O^C and by adjusting the surface temperature of jig 20 
to be at least 50^*0 lower than the melting point of alloy M. The melt M can be contacted with |g 20 by one of two meth- 
ods: the melt M is moved on the surface of jig 20 (the melt is caused to flow down the indined jig), or the jig moves 
thiXHjgh the melt The "jig" as used herein means any device that provides a cooling action on the melt as it flows down. 
The jig may be replaced by the tubular pipe on a molten metal supply urut. Insulated vessel 30 for holding the melt the 
temperature of which has dropped to just below the liquidus Hne shall have a heat insulating effect in order to ensure 
that the primary crystals generated will spheroidize and have the desired fraction liquid after the passage of a specified 
time. The constituent mat&ial of the insulated vessel is in no way limited and those which have a heat-retaining property 
and which wet with the melt only pooriy are prefened. If a gas-permeable ceramic container is to t>e used as the insu- 
lated vessel 30 for holding magnesium alloys which are prone to oxidize and bum, the exterior to the vessel is preferably 
filled with a specified atmosphere (e.g. an inert or vacuum atmosphere). For preventing oxidation, it is desired that Be 
or Ca is preliminarily added to the molten metal. The shape of the insulated vessel 30 is by no means limited to a tubular 
form and any other shapes that are suitable for the subsequent fonning process may be adopted. The molten metal 
need not be poured into the insulated vessel but it may optionally be charged directly into a ceramic injection sleeve. If 
the holding time within the insulated vessel 30 is less than 5 seconds, it is not easy to attain the temperature for the 
desired fraction liquid and it is also difficult to generate spherical primary crystals. If the holding time exceeds 60 min- 
utes, the spherical primary crystals and eutectic structure generated are so coarse that deterforation in mechanical 
properties vvill occur. Hence, the holding time within the insulated vessel is oontrdled to lie between 5 seconds and 60 
minutes. If the fraction liquid in the alloy which is about to be shaped by high-pressure casting processes is less than 
20%. the resistance to deformation during the shaping is so high that it is not easy to produce shaped parts of good 
quality. If the fractfon liquid exceeds 90%, shaped parts having a homogeneous structure cannot be obtained. There- 
fore, as already mentioned, the fractfon liquid in the alloy to be shaped is preferably controlled to lie between 20% and 
90%. By adjusting the effective fraction liquid to range from 30% to 70%, shaped parts having a more homogeneous 
structure and higher quafity can be easily obtained t>y pressure forming. If, in the case of shaping Al-Si alloy systems 
having a riear eutectic composition, it is necessary to generate eutectic Si within the insulated vessel while reducing the 
fraction liquid to 80% or below, Na or Sr may be added as an Si modifying element and this is advantageous for r^ning 
the mitectic Si grains, tiiereby providing improved ductifity. The means of pressure forming are in no way limited to high- 
pressure casting processes typified by squeeze casting arKj die casting and various other methods of pressure forming 
may be adopted, such as extruding and casting operations. 

The constituent material of the jig 20 witii which the melt M is to be contacted is not limited to any particular types 
as long as it is capable of lowering the temperatore of the melt A jig 20 that is made of a highly heat-conductive metal 
such as copper, a copper alloy, aluminum or an aluminum alloy and which is controlled to provide a coding effect for 
maintaining temperatures below a specified level is particulariy preferred since it allows for the generation of many crys- 
tal nudei. In this connection, it should be mentioned that coating the cooling surface of the jig 20 with a nonmetallic 
material is effective for the purpose of ensuring that solid lumps of metal win not adhere to the jig 20 when it Is contacted 
by the melt M. The coating method m^ be ©ther medianical or chemical or pt^ical. 

A semisolid alloy containing a large number of crystal nudei and which has a temperature not higher than the liq- 
uidus line can be obtained by contacting the melt M with the jig 20. If desired, (1) in order to generate more crystal nuclei 
so as to produce a homogeneous structure comprising fine spherical grains or (2) to ensure tiiat a semisolid alloy con- 
taining a large number of aystal nuclei and which has a temperature not higher than the Iquidus line is produced from 
a melt that has been superheated to less than 100*^0 atK>ve tiie liquidus line and vtrhich is not contaded with any jig, 
various elements may be added to the melt as exemplified t>y Ti and B for the case where the melt is an aluminum alloy, 
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and Sr. Si and Ca for the case where the melt is a magnestum alloy. If the Ti addition is less than 0.00S%. the intended 
refining effect is not attained; beyond 0.30%. a coarse Ti compound will form to cause deterioration in ducti&ty. Hence, 
the Ti addition is controlled to lie between 0.00S% and 0.30%. Boron (B) ooopeiates with Ti to promote the refining of 
crystal grains but its refining ^ect is small if the addition is less than 0.001%; on the other hand, the effect of B is sat- 
urated at 0.02% and no further inprovement is expected beyond 0.02%. Hence, the B addition is controlled to lie 
t)etween 0.001% arKl 0.02%. If the Sr addition is less than 0.005%. the intended refining effect is not attained; on the 
other hand, the effect of Sr is saturated at 0.1% and no further inprovement is expected beyond 0. 1%. Hence, the Sr 
addition is controlled to lie between 0.005% and 0. 1%. If 0.01% - 1 .5% of Si is added in cont)ination with 0.005% - 0.1% 
of Sr, e^^ finer crystal grains will be formed than when Sr is added alona If the Ca addition is less tfian 0.05%. the 
intended refining dfect is not attained; on the other hand, the effect of Ca is saturated at 0.30% and no further improve- 
ment is expected beyond 0.30%. Hence, the Ca addition Is controlled to lie between 0.05% and 0.30%. 

If the fine spherical primary crystals are to be obtained without employing jig 20. the degree of superheating above 
the liquidus line is set to be less ttian lOO^'C and this is to ensure that the molten alloy poured into the insulated vessel 
30 having a heat insulating effect is brought to either a lic^^ partially fiquid 

state having aystal nuclei at a temperature not lower than the molding temperature. If the mett poured into the insulated 
vessel 30 is unduly hot so much time wiO be taken for the temperature of the melt to decrease to establish a specified 
fraction liquid that the operating efficiency becomes low. Another inconvenience is thai the poured melt M is oxidized or 
burnt at the surface. 

Table 1 shows the conditions of various samples of semisolid metal to be shaped, as well as the quafities of shaped 
parts. As shown in Fig. 3, the shaping operation consisted of inserting the semisoFid metal mto an injection sleeve and 
subsequent forming on a squeeze casting machine The forming conditions were as follows: pressure. 950 Kgif/cm^; 
ir^ection speed. 1.5 m^; mold cavHy dimensions. 100 x 150 x 10; mold temperature, 230^C. 
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in Comparative Sample 1, the temperature of jig 20 with which the melt M was contacted was so high that the 
number of crystal nuclei generated was insufficient to produce fine spheiical primary aystals: instead coarse unspher- 
ical primary crystals formed as shown in Fig. 7. In Comparative Sample 2. the casting temperature was so high that very 
few crystal nuclei remained within the ceramic vessel 30, yielding the same result as with Comparative Sample 1. In 
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Comparative Sample 3, the hokfing time was so long that the fraction Ik^uid in the metal to be shaped was low, yielding 
a shaped part of poor appearance. In addition, the size of primary aystals was undesirably large. In Comparative Sam- 
pie 4, the holding time within the ceramic vessel 30 was short whereas the fraction liquid in the metal to be shaped was 
high; hence.only dendritic primary crystals formed. In addition, ttie high fraction liquid caused many segregations of 

5 components within the shaped part With Comparative Sample 5 the insulated vessel 30 was a metallic container hav- 
ing a small heat insulating effect, so the dendritic sofidif ied layer forming on the inner surface of the vessel 30 would 
enter the spherical primary crystals generated in the central part of tiie vessel, thus yielding an inhomogeneous struc- 
ti^e involving segregations. In Comparative Sample 6. the fraction liquid in the metal to be shaped was so hi^ that the 
result was the same as with Comparative Sample 4. With Comparative Sample 7. the jig 20 was not used; the starting 

10 alloy did not contain any grain refiners, so the number of crystal nuclei generated was small enough to yield the same 
result as with Comparative Sample 1. 

In each of Invention Samples 8 - 17. a homogeneous miaostructure conprising fine (<150rim) spherical primary 
crystals was obtained to enable the production of a shaped part having good appearance. 

15 E3Kmpie2 

An example of the invention (as recited in claims 11-13) will now be described in detafl witii reference to accom- 
panying difawings. As shown in Rgs. 9- 12, tiie invention recited in claims 1 1 - 13lssuchthat 

20 (1) the melt of a fiypoeutectic aluntinum alloy of a conposition at or above a maximum sdut^ilrty limit or a magne- 
sium or aluminum alloy of a composition within a maximum solut)ility limit which are held superiieated less tfian 
SOO^'C above the fiquidus temperature is contacted with a surface of a jig having a lower tenperature than the melt- 
ing point of the alloy so as to generate crystal nuclei in the alloy solution which is then poured into an insulated ves- 
sel; or 

2S (2) the melt of an aluminum or magnesium alloy that is held superheated to less than lOO^C above the liquidus tem- 
perature is directly poured into an instated vessel witiiout using any jig, therekTy generating aystal nuclei in the liq- 
uid alloy. 

Subsequentiy. the liquid alloy having crystal nuclei that has been superiieated a degree pC'C) of less tiian lO'^C 
30 above the liquidus temperature is held in the insidated vessel for a period from 5 seconds to 60 minutes as said alloy is 
cooled to a molding terrperature tiiat is higher than the eutectic or sofidus temperature and where a specified fraction 
liquid is estabTished. such that the cooling to the fiquidus temperature of said alloy is completed within a time shorter 
than the time Y Cm minutes) calculated the relation Y»10-X and that the period of cooling frcm the initial tenrperatire 
at which said alloy is held in the insulated vessel to a temperature S^'C lower than tiie liquidus temperature Is not longer 
35 than 15 minutes, whereby fine spherical primary crystals are aystallized in tiie alloy solution, which is then fed into a 
forming vnaSd, where it is shaped under pressure. 

Altematively, a partially solid, partially liquid alloy (at a temperature not lower than a mdcGng temperature higher 
than the eutectic or solidus temperature) is held witfiin the insulated vessel for a period from 5 seconds to 60 minutes 
as it is cooled to the molding temperature where a specified fraction liquid is established, such that tiie period of cooling 
40 from the initial tenperature at which said alloy is held within the insulated vessel to a temperature S'^C lower than the 
liquidus temperatt^e of said alloy is not longer than 150 minutes, whereby fine spherical primary crystals are crystal- 
lized in the alloy solution, which is then fed into a forming mold, where it is sfiaped under pressure. 

The specific procedure of semisolid metal forming to be performed in Example 2 is essentially ttie same as 
described in Example 1. 

45 The casting, qpheroidizing and molding conditions tfiat are respectively set for tiie steps shown in see Rg. 3, 
namely, the step of pouring the molten metal on to the ceramic jig 20. the step of generating and spheroidizing primary 
crystals and the forming step, are set fortti below more specffically. Also discussed below is the criticafity of flie numer- 
ical limitations set forth in claims 11-13. 

If the alloy to be held within tfie insulated vessel 30 is superheated such that its initial tenrperature is at lea^ lO^'C 

so at)Ove the liquidus line, or^y unspherical primary crystals of a size of 300fim and larger will form and fine, spherical pri- 
mary crystals cannot be obtained no matter what conditions are used to cod the alloy to the molding temperature where 
a specified fraction liquid is established with a view to introducing crystal nudei into ttie melt. To avoid U^s problem, ttie 
irvlial temperature of ttie alloy hekJ within the insulated vessel 30 is controlled to be less than 10°C above ttie liquidus 
line. 

55 If ttie alloy to t>e held wittiin tiie instated vessel 30 is superiieated such ttiat its Initial temperature is less than lO^C 
above the liquidus line, the alloy must be cooled to the liquidus temperature within a shorter time than the period calcu- 
lated by ttie relation Y^io-X . where Y is ttie time (in minutes) taken for ttie alloy temperature to drop to the liquidus 
tenperature and X is the degree of superheating (in "^C). Ottieiwise. unspherical primary crystals of a size of 300|im 
and larger wifl form as is the case where the degree of superiieating is 1 0^'C or more above the Bquidus line. To avoid 
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this problem, the alloy is cooled to the liquidus temperature within a shorter time than the period calcuiated the rela- 
tion Y=10X, 

Even if the alloy is cooled from the inifial temperature to the fiquidus temperature within a shorter time than the 
period determined tjy the relation Y=10-X . unspherical primary crystals of a size of 300)im and larger will form or the 
size of spherical aystals to be obtained tends to be larger than 200|im if the cooling from the initial temperature to the 
temperature S^'C lower than the liquidus temperature is completed within 15 ntinutes. Therefore, the period of cooling 
from the initial tenperature to the temperature S^'C lower than the liquidus temperature should not be longer than 15 
minutes. 

Speaking now of the case where the alloy to be held within the insulated vessel 30 is in a partially solid, partially 
liquid state having an initial temperature lower than the liquidus temperature, the cooling from the initial temperature to 
the tenperature S'^C lower than the liquidus tenperature nrust be completed within 15 minutes; otherwise, unspherical 
primary crystals of a size of 300|im and larger will form or the size of spherical crystals to t>e obtained tends to be larger 
than 200^m. Therefore, the period of cooling from the initial temperature to the temperature 5^0 lower than the fiquidus 
temperature should not be longer than 1 5 minutes. 

Figa 15 and 16 show how the holding time affects the aystal grain sizes of AZ91 and AC4CH which respectively 
are typical magnesium and aluminum alloys. The "holding time" is the time for which the metal as poured into the Insu- 
lated vessel is held until the molding temperature is reached. The "molding temperature" is a typical value at which 
about 50% fraction liquid is established and It is 570'*C for AZ91 and 585^*0 for AC4CH Obviously, the dependency of 
the crystal grain size on the holding time differs wHh the alloy type but in both cases the grain size tends to be greater 
than 200^m if the holding time exceeds 60 minutes. On the other hand, primary crystals finer than 200|im are prone to 
occur in the present invention. Figs. 17and 18 show how the degree t)y which the AZ91 and AC4CH within the holding 
vessel are superheated above the liquidus terrperature and the holding time from the Initial temperature wHhln the insu- 
lated vessel to the liquidus temperature will affect the crystal grain sizes of the respective alloya 

In the area of each graph where the degree of superheating f^C) and the holding time (min) are below the line con- 
necting two points (10. 0) and (0, 10). fine (<200fim) primary crystals are generated in accordance with the invention 
as shown diagrammatically in Rg. 13. In the area above the line, coarse (>300(im) unspherical primary crystals occur 
as shown diagrammatically in Fig. 1 4. Even finer and more homogeneous primary crystals are obtained urxJer the con- 
ditions for the holding time and the degree of superheating that are represented by area (C) in Fig. 1 7 and 1 8 (the regkxi 
bound by points (0.6), (5.5) and (6,0) in Fig. 1 7 and the region bound points (0.7), (5.5) and (5.0) in Fig. 18]. Figs. 19 
and 20 show how the holding time (from the initial temperature within the insulated vessel to the ficpdus tenperature 
minus 5*^0) affects the crystal grain sizes of AZ91 and AC4CH, respectively. Otsviously. the crystal grain size inaeases 
with the holding time and if the latter exceeds 1 5 minutes, there is a marked tendency for the crystal grain size to exceed 
200)im and coarse unspherical primary crystals occur. In the present invention where the hokfing time is less than 1 5 
minutes, there is a marked tendency for the primary crystals to be generated in small sizes less than 200|im. 

Example? 

An example of the invention (as recited in claims 14 and 15) will now be desaibed in detail with reference to the 
accompanying Figs. 3. 7, 8 and 21 - 28, in which: Fig. 21 is a side view of an apparatus 100 for producing a semisolid 
forming metal; Fig. 22 is a perspective view of a cooling jig 1 as part of the nucleus generating section 12 of the appa- 
ratus 100; Fig. 23 shows in cross section two other cooling figs 1 A and 1 B; Fig. 24 is a sectional side view of another 
cooHng jig 1C which is funn^-shaped; Fig. 25 is a plan view showing the general layout of another apparatus 100A for 
producing a semisolid fomiing metal; Rg. 26 is a longitudinal section A - A of Rg. 25; Fig. 27 is a longitudinal section B 
- 8 of Rg. 25; Rg. 28 is a k)ng'itudmal section of an insulated vessel 22; Rg. 3 shows a process flow illustrating the 
method of producing a semisofid forming metal; Rg. 7 is a diagrammatic representation of a mk^rograph showing the 
metallographic structure of a shaped part according to the invention; and Rg. 8 is a diagrammatic representation of a 
miorograph showing the metalk)graphk; structure of a shaped part produced by a prior art process in whk^h tiie molten 
metal is directly poured into the insulated vessel for cooling without passing through tiie nucleus generating sectioa 

As shown in Rg. 21, the apparatus 100 for producing semisolkJ forming metal consists of the nucleus generating 
section 12 and a crystal generating section 18. The nucleus generating section 12 consists of tiie cooling jig 1 having 
a pair of weirs 2 provkied to project from the right and left skjes of the top surface of an inctined flat copper plate, stands 
3 for supporting the jig 1 in an inclined position, and coding pipes 4 (an inlet ppe 42 and a outtet ppe 4b) wfuch are 
connected to a passage tiirough wfiich a cooling medium (usually water) is to be supplied into the cooling jig 1 . The 
crystal generating section 18 serves to generate fine crystals by ensuring that the molten metal obtained in tiie nucleus 
generating section 12 is hek) as it is cooled to a mokjing temperature where it t>ecomes partially sofid. partially liqukJ. 
The crystal generating section 18 is constituted of the insulated vessel 22 wfiich serves as a container of tfie molten 
metal M pouring down the cooling jig 1 . As shown in Fig. 28. the insulated vessel 22 may optionally be accommodated 
within a metallic container 24 and equipped witii a bolted cover plate 25 to ensure rigkfity. As will be mentioned herein- 
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after, a pair of hooks 24a made of a round steel bar are provided to project from the lateral side of the metallic container 
24 in order to assure convenience in transport. 

If a flat metallic (e.g. Cu) plate is to be used as the cooling jig 1 . the molten metal can potentially stick to the cooling 
plate; to prevent this problem, it is desirable to reduce the wettability of the plate t>y applying a nonmetallic (e.g. BN) 
5 coating material onto its surfece. Weirs 2 are provided to control the flow of the molten metal as it descends the top sur- 
face of the coofing jig 1. 

Fig. 23 shews the case where cooling j1g 1 A in the form of a cylindrical tube or cooling j1g 1 B in the form of a sem- 
icylindrical ti;d>e 1 B is used as the cooling jig. As in the case of the coofing jig 1 in the form of a flat copper plate, both 
cooling figs 1 A and 1 B are equipped with a cooling medium channel 5 and cooling pfpes 4 fmlet pipe 4a and outlet pipe 
10 4b). 

A funnel-shaped tube may be used as the cooling jig as shown in Fig. 24. The coofing fig 1C may be statfonary 
while the molten metal M Is poured so tfiat it drips into the underlying insulated vessel 22. Alternatively, in order to pro- 
vide an enhanced cooling effect, the cooling jig 1C may be rotationally joumaled on a thrust bearing lb on a pedestal 
la such that the molten nietal is poured imo the jig as it is rotated at stow speed by mearis of a redu^^ 

IS transmits the rotating power via ^Mir gears 1e and Id. 

To obtain a semisolid fonming metal with the thus constructed apparatus 100. a molten alkiy heUi superheated to 
less than 300''C above the liquidus temperature is poured on to the upper end of the cooling jig 1 (or 1 A. 1 B or 1C) in 
the nucleus generating section 12 so that the alloy flows down the jig. During the f towing of the alloy, the surface tem- 
perature of the cooling jig 1 is held to be lower than the melting point of the alloy Ihe molten afloy which has flowed 

20 down the cooling jig 1 (or 1 A. 1 B or 1 C) is gently received by the insulated vessel 22. in which it is held for a period from 
5 seconds to 60 minutes in such a condition that its temperature is not higher than the liquidus temperature but higher 
than the eutectic or solidus temperature, whereby a large nunfi)er of fine spherical primary crystals are generated to 
ensure that the alloy can be shaped at a specified fraction liquid. 

The specific procedure of semisolid metal fc^-ming to be performed in Example 3 is essentially the same as 

25 desaibed in Example 1 . 

As already mentioned, the hokfing time within the insulated vessel 22 varies widely from 5 seconds to 60 minutes 
depending on the time taken for the afioy to be cooled to the mokting temperatura If the holding time is as tong as 1 0 - 
60 minutes, tiie ^oductivity is very tow on an apparatus in whrch one nucleus generating section 12 (coofing jig 1) is 
conrt)ined with one crystal generating section 18 (insulated vessel 22). 

30 In order to solve tiiis problem, the present inventors have devised an apparatus that shortens the inten/al between 
successive cooling cycles so as to enhance the efficiency of the production of semisolid forming metals. Shown by 
100A in Ftg. 25. the apparatus comprises a turntable 60 that is capable of suspending a plurality of insulated vessels 
22 on the circumference and which is free to rotate horizontally about a central shaft 62. Each of the insulated vessels 
22 is accommodated within a metallic container 24 whtoh, as shown in Rg. 28. \s fitted witii a pair of hooks 24a that are 

35 each formed of a round steel tsar and which are wekled to project from the lateral side of the container 24. The turntable 
60 is provkled with semidrcutar cutouts in the circumference ttiat are spaced apart at generally equal intervals and 
which have a greater diameter than the metallic container 24; at the same time, the turntable 60 has as many hook 
receptacles 30a as the insulated vessels 22 and each receptacle 30a is in the form of a semicircular pipe tiiat extends 
horizontally from the circumference of the turntable 60 so that the hooks 24d will rest on the receptacle to suspend the 

40 metaific container 24 whtoh is integral with the insulated vessel 24 as shown in Ftg. 28. 

Each of the insulated vessels 22 suspended on the turntable 60 Is charged with the molten metal via tfie cooling jig 
1 on ttie left side (see Rg. 25) and carried by ttie slowly rotating turntable until it reaches tiie diametrtoally opposite posi- 
tion (as a result of 1 80" turn) after the passage of a predetermined cooling period. In this diametricafiy opposite position 
Ct.a on the right skJe of the turntable), a hydraulic cyfinder or other means 26 for vertically moving the insulated vessel 

45 22 is provkJed below tiie position where tiie insulated vessel is suspended (see Rg. 26). The hydraulto cyfinder 26 
serves to push up the bottom of the insulated vessel 22 so ttiat it is transferred to an irijection sleeve 40 at the sut>se- 
quent stage, which is then supplied with the partially solkJif led metal from wittiin flie insulated vessel. 

If tiie molten metal ftowing down the cooling jig 1 is directty poured into the erect insulated vessel 22. air will be 
entrapped to potentially cause casting defects. To avdd this problem, it is desirable to incline the insulated vessd 22 by 

50 a specified angle such that ttie molten metal will gentiy pour into ttie insulated vessel along its skiewall (see Rg. 27). To 
tMs end, a hydraufic cylinder or some ottier depressing means 28 Is provkled betow the cooling jig 1 ; as shown, the 
hydraulto cylinder 28 has a piston rod 28a fitted at the terminal end witti a rotatable depressing plate 28b supported on 
a pin. 

Ihe thus constructed apparatus 100A for producing semisolkj forming metals is capable of feeding ttie molten 
55 metal into the irijection sleeve by continuous treatment in a plurafity of insulated vessels 22 and compared to the appa- 
ratus using a single unit of insulated vessels 22, the interval between successive cooling cycles is substantially reduced 
to ensure against ttie drop in productivity. 

Thus, ttie apparatus 100 and 100A according to the invention are capable of producing semisolid metals ttiat are 
suitable for use in semisoltd fonming. ttiat have fine primary crystals dispersed within a UqM phase and tiiat are free 
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from the contamination by nonmetallic inclusions. In adcfition. due to the holding of the molten metal within the insulated 
vessel for cooling purposes, the semisoTid metal obtained is difficult to be oxidized at the surface and has a very uniform 
temperature profie in its interior; hence, with almost all alloys, there is no need to use a high-frequency furnace for heat- 
ing molding materials aHhougjh this has been necessary in the conventional semisolid forming technology. 

If desired,a robot or a dedicated macNne may be used to gnf) the insulated vessel 22 and when the metal within 
the vessel has attained a specified molding temperature, it may be inserted into the injection slee\^e 40 in a die casting 
machine (which may be a squeeze casting machine), with the top end directed to the side facing the injection tip, such 
as to accomplish semisolid fbmiing. In this way. one can produce castings or high quality that have fine, spherical pri- 
mary crystals as shown in Fig. 7. In fact however, only coarse dendrites with slightly round comers as shown in Fig. 8 
can be obtained by simply pouring the molten metal into the insulated vessel 22 without passing through the nucleus 
generating section 12. The semisolid metals produced with the apparatus of the invention may be shaped tyy pressure 
forming methods other than die casting; alternatively, they may be inserted into a sand or metallic mold ger^ without 
applying pressure. 

In the example described above, the flat copper plate having internal cooling means is used as the nucleus gener- 
ating means txit this Is not the sde case of the iriverition and any other nraaris may be empk^ 
of generating crystal nuclei that will not redissohre in the fiqu'id phase. As example of this alternative nucleus generating 
means is described below. 

The flat copper plate without weirs 2 may be replaced by the tubular cooling jig 1 A or semicylindrtcal cooling jig 1 B 
as shown in Fig. 23 . AKernafively, the molten metal may t>e poured into the conical cooting Jig 1 C as it is rotated by drive 
means and after aystal nuclei have been generated in the metal, the latter is withdrawn from the t>ottom the cooling jig 
1 C to t)e poured into tfie insulated vessel 22. The constituent material of the cooling fig 1 is by no means limited to met- 
als and it may be off any type as loiig as it is capable of ooolirig the nriolten all^ 
crystal nuclei in the alloy. 

In the example descrtoed above, the insulated ceramic vessel is used as ttie aystal generating means and in a 
practical version of the example, the rotating turntable 60 which is capable of arranging a plurality of insulated vessels 
22 is used. However, this is not tiie sole method of arranging and fixing the insulated vessels 22 and they may be line- 
arty or otherwise arranged. To fix the insulated vessel 22. it may be portioned at a specif ted site as typically shown in 
Rg. 28. wherein the insulated vessel 22 is placed within the metallic container 24 fiaving a slightiy larger inside diam^er 
and the bottom of the container 24 is pushed up by the hydraulic cylinder 26 as required. 

In the above description of the vwention. tiie cooling jig consists of the nucleus generating section and the crystal 
generation section Ixit. if desired, the two steps may be integrated. For instance, the molten metal witiiin tfie insulated 
vessd 22 may be treated with the cooling jig and/or a melt surface vibrating jig to ensure that both nuclei and crystals 
will be generated. 

Exarrple 4 

An example of the invention (as recited In claims 1 6 and 1 7) will now k>e described witii reference to aoconpanying 
Figs. 1. 2. 4 • 8 and 29-31. in which: Fig. 1 is a diagram showing a process sequence for the semisolid forming of a 
hypoeutectic aluminum alloy having a corrposrtion at or above a maximum solubility limit; Rg. 2 is a diagram showing 
a process sequence for the semisoTid forming of a magnesium or aluminum alloy having a composition witiiin a maxi- 
mum solubility Iffnit; Fig. 29 shows a process flow starting witii the generation of spherical primary crystals and ending 
with tiie molding step; Rg. 4 shows diagrammatically the metallographic structures obtained in the respective steps 
shown in Rg. 29; Fig. 30 compares two graphs plotting the temperature changes in the metal being cooled within a ves- 
sel during step 3 shown m Rg. 29; Fig. 31 illustrates tour methods of managing the temperature within a vessel accord- 
ing to tiie invention; Rg. 5 is an equilS>rium phase diagram for an Al-Si alloy as a typical alunvnum alloy system; Rg. 6 
is an equilibrium phase cfiagram for a Mg-AI alloy as a typical magnesium aOoy system; Fig. 7 is a cBa^mmat'ic repre- 
sentation of a micrograph showing tiie metallographic structure of a shaped part according to tiie invention; and Fig. 8 
is a diagrammatic representation of a micrograph showing the metallograpfuc structure of a shaped part according to 
the prior art 

As shown in Rgs 1, 2. 5 and 6, the invention recited in dahns 16 and 17 is based on claims 2, 9 and 10 and it is 
such that 

(1) tiie melt of a hypoeutectic alunvnum alloy of a compoation at or atxTve a maximum sdubiHty Omit or the melt of 
a magnesium alloy of a composition witii'in a maximum solubility limit is held superheated to less tiian 300''C above 
the liquidus temperature and then contacted vnth a surface of the pg 20 having a lower temperature than the melting 
point of either alloy and the resulting alloy is poured into a vessel 30; or 

(2) the melt of an aluminum or magnesium alloy that is held superheated to less than 1 0O^'C above tiie liquidus tem- 
perature as it contains an element to promote tiie generation of crystal nuclei is directiy poured into the vessel 30 
without using the jg 20. The vessel 30 of a specified wall thickness is adapted to be heatsdsle or coolable from either 
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inside or outside, is made of a material having a themial conductivity of at least 1.0 Kcal/hr • m • ''C (at room tem- 
perature) and is held at a temperature not higher than the fiquidus temperature off said alloy prior to its pouring, and 
the melt Is sut)sequently cooled to a temperature at which a fraction solid appropriate lor shaping is established, 
such that while the alloy is poured into the vessel 30. its top and kx>ttom portions are heated by a greater degree 
than the middle portion or that the top or bottom portion is heat-retained with a heat-retaining material having a 
thermal conductivity of less than 1.0 toal/hr*m«''C or that the top portion of the vessel is heated by a greater 
degree than the middle portion while the bottom portion is heat-retained or that tiie top portion is heat-retained 
while the bottom portion is heated by a greater degree than the middle portion, whereby nondendritic fine primary 
crystals are aystaltized in the alloy solution while, at tiie same time, tiie alloy is cooled at a sufficiently rapid rate to 
provide a uniform temperature profile through the alloy in the vessel 30, with the cooled alloy being subsequentiy 
supplied into a forming mold 50, where it is pressure formed to a shape. 

Four methods of managing tiie temperature of the vessel 30 and that of tiie alloy witiiin the vessel 30 are collec- 
tively shown in Fig. 31 , wherein (a) -(d) correspond to the metiiods of temperature management set forth in daim 17. 

The waU thickness of the vessel 30 is desirably such that after pouring of the molten metal, no dendritic primary 
crystals will result from the metal in contact witfi the inner surface of the vessel and yet no soTidif led layer wifl remain in 
the vessel at tiie stage where the semisolid metal has been discharged from within ttie vessel just before shaping. The 
exact value of the wall tiiickness of the vessel is appropriately determined in consideration of the alloy type and tiie 
w^ht of the alloy in the vessel 30. 

The term 'fraction solid appropriate for sfiapng" means a relative proportion of the solid phase which is suitat)le for 
pressure forming. In high-pressure casting operations such as die casting and squeeze casting, the fraction solid 
ranges from 10% to 80%, preferably from 30% to 70%. If the fraction solid is more than 70%. tiie fbmiability of the raw 
material is poor; t>elow 30%, the raw material is so soft that it is not only difficult to handle but also less likely to produce 
a homogeneous structure. In extruding and forging operations, ttie fraction solid ranges from 30% to 99.9%. preferably 
from 50% to 99.9%; if the fraction solid is less tiian 50%, an inhomogeneous structure can potentially occur. 

The *tenperature not higher than the liquidus temperature* means such a temperature that even if the temperature 
of ttie metal within ttie vessel is rapidly kwered to the level equal to ttie moMing temperature, no dendritic primary crys- 
t^ will result from the melt in contact with the inner surface of the vessel and yet no soGdified layer will remain in the 
vessel at ttie stage where the semisolid metal is discharged from within tiie vessel just before shaping. The exact value 
off ttie temperature not higher ttian ttie Ik^uidus temperature" varies vMtti ttie aRoy type and ttie weight of the alloy wittiin 
the vessel. 

The "vessel" as used in the invention is a metallic or nonmetallic vessel, or a metallic vessel having a surface 
coated with nonmetallic materials or semiconductors, or a metallic vessel compounded of nonmetallic materials or sem- 
iconductors. Coating ttie surface of ttie metaUk: vessel witti a nonmetallic material is effective in preventing the sticking 
off the metal. To heat the vessel, its interbr or exterior wa^ be heated witti an electric heater; alternatively, induction 
heating with high-frequency waves may be employed if the vessel is elecbically conductive. 

The specifk; procedure of semisolid metal forming to be performed in Example 4 is essentially ttie same as 
descrit)ed in E)@rnple 1. 

Vessel 30 is used to hokl the nfx>lten metal until it is cooled to a specified fraction solid after its temperature has 
dropped just below ttie liquidus tine. If the ttiermal conductivity of ttie vessel 30 is less ttian 1 .0 kcal/hr • m • ""C at room 
tenrperature. it has such a good heat insulating effect ttiat an unduly prolonged time will be required for the molten metal 
M in ttie vessel 30 to be cooled to the temperature where a specified fraction solid is establi^ed. ttiereby reducing ttie 
operational efTiciency. In adcBtion. the generated spherical primary crystals become coarse to deteriorate ttie formabilrty 
of the afloy. it shouM, however, be mentioned ttiat if the vessel contains a conparatively small quantity of the melt, ttie 
holding time necessary to achieve the intended cooling becomes short even if ttie thermal conductivity of the vessel is 
less ttian 1.0 kcal/hr • m • ""C at room temperature. If ttie temperature of tiie vessel 30 is higher than the liqddus tem- 
perature, ttie molten metal M as poured into ttie vessel is higher ttian ttie fiquidus temperature, so that only a few crystal 
nuclei wiO remain in the fiquki pfiase to produce large primary crystals. If ttie top and bottom portions of ttie vessel are 
neittier heated nor heatnretained as ttie molten metal M is cooled until ttie fraction solid in ttie metal reaches ttie value 
appropriate for shaping, dendritic primary crystals may occur at the site in the top or tx}ttom portion of the vessel tfiat 
is contacted by the metal M or a solidified layer will grow at that site, thereby creating a nonuniform temperature profile 
through ttie metal in the vessel which makes the subsequent shaping operation dHf foult to accomplish on account off ttie 
remaining solidified layer wittiin the vessd. To avoid ttiese diff kxjities, H is preferred to heat the top or bottom portion of 
the vessel by a greater degree than the middle portion while ttie bottom or top portion is heat-retained during ttie cooling 
process after ttie pouring of ttie metal; if necessary, ttie top or bottom portion of ttie vessel may be heated not only dur- 
ing ttie cooling process fdlfowing ttie pouring of the metal but also prior to its pouring and tt^ is another preferred prac- 
tice in tiie invention. 

The constituent material of ttie vessel 30 is in no way limited except on ttie ttiermal conductivity and ttiose which 
are pooriy wettable with ttie molten metal are prefenred. 
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Table 2 shows the conditions of various samples of semisolid metal to t>e shaped, as well as the quafities of shaped 
parts. As shown In Fig. 29. the shaping operation consisted of Inserting the semisolid metal into an injection sleeve and 
subsequent forming on a squeeze casting macNne. The forming conditions were as follows: pressure, 950 Kg^cnrf ; 
ir^ecGon speed. 1 .0 mfe; casting weight Cinduding biscuits). 30 1^: mold temperature, 230''C. 
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In Comparative Sample 1. the thermal conductivity erf the holding vessel was small and. in addition, the vessel was 
heated or heat-retained inappropriately after the pouring of the metal so that the holding Hme to the shaping tempera- 
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ture was unduly long; what is more, the formation of a eofidif ied layer within the vessel prevented the discharge of the 
semisolid metal, thus making it impossUe to perform shaping. In Comparative Sample 2, the thermal conductivity of 
the holding vessel was so smaN that the holdng time to the shafM^ In Comparative 

Sample 3» the holding vessel was heated or heat-retained inappropriately after the pouring of the metal so that a soTid- 
ified layer formed within the vessel to prevent the (fischarge of the semteolid metal, tius making it inpossUe to start 
the shaping step. In Comparative Sanple 4, the wall thickness of the holding vessel was unduly great and. in addition, 
the vessel was heated or heat-retained inappropriately after the pouring of the metal so that unspherical primary ays- 
tals were generated; wtiat is more, the formation of a soTidified layer within the vessel prevented the discfiarge of the 
semisoTid metal, thus making it impossit)le to perform shaping, in Comparative Sample 5. the casting temperature was 
so fiigh tfiat very few crystal nuclei remained within the vessel to yield only coarse unspherical primary crystals as 
shown in Fig. 8. In Comparative Sample 6. the cooling pg had such a high temperature that the number of crystal nuclei 
formed was insufficient to produce fine spherical primary aystals and, instead, only coarse unspherical primary grains 
formed as in Conparative Sample 5. In Conrparative Sample 7. the fracfion solid In the metal was so smaU that many 
segregations occuned within the shaped part. 

In Invenfion Samples 8 - 14. the metal in the vessel 30 was rapidly cooled with its temperature profile b&ng main- 
tained sufTidently dniiorm that semisolid metals having nondendritic fine primary crystals were produced in a conven- 
ient and easy way. Such alloys were then fed into a forming mokJ and pressure formed to produce shaped parts of a 
homogeneous structure having fine (^0|xm) spherical primary crystals. 

Examples 

An example of the invention (as recited in claim 1 8] will now be descrit)ed with reference to the accompanying Rgs. 
4. 9, 10 and 32 - 35, in which: Rg. 9 is a diagram showing a process sequence for the semisolid forming of hypoeutectic 
aluminum alloys having a conpositfon at or above a maximum solubility limit; Rg. 10 is a diagram showing a process 
sequence for the semisolid forming of magnesium or aluminum alloys having a composition within a maximum solubflity 
limit; Rg. 32 shows a process f tow starting with the generation of spherical primary crystals and ending with the mokfing 
step; Rg. 4 shows diagrammatk»lly the metallographk; structures obtained in the respective steps shown in Fig. 32; 
Rg. 33 compares the temperature profies tfuough two semisolid metals, one being held within a vessel in step (3) 
shown in Fig. 32 and the other being treated t>y the prfor art wittiout using any outer vessel; Fig. 34 is a diagranvnatk: 
representatfon of a nicrograph showing the metaltographic stnjcture of a shaped part according to the prior art; and 
Fig. 35 te a diagrammatic represenlatfon of a mforograph showing the metallographfo structure of a shaped part accord- 
ing to the invention. 

As shown in Figs. 9. 10 and 32. the inventfon recited in daim 18 is such that the melt of a hypoeutectic aluminum 
alloy of a conposition at or above a maximum solubifity limit or the melt of a magnesium or aluminum alloy of a conpo- 
sitfon within a maximum soliisllity fimit is heU superheated to less than above the liqufous tenperature. con- 
tacted with a surface of the jig 20 at a lower temperature than the melting point of either alloy, and poured irrto a hokiing 
vessel 29 of a specified wall thickness that is made of a material having a thermal conductivity of at least 1.0 
kcaVhr • m • «C (at room temperature) and that is prelimuiarily held at a temperature not higher than fhe Ik^ukkis tem- 
perature of either alfoy. and the melt is subsequentiy coded, with a heat insulating M 32 placed on top of the hokiing 
vessel, down to a temperature at which a fraction sdM appropriate for shaping is established, chamcterized in that dur- 
ing the cooling of the alfoy, tiie outer surface of sakl hokiing vessel is heated or heat-retained with an outer vessel 31 
capable of accommodating said hokiing vessel, whereby nondendritic fme spherk:al primary aystals are crystallized in 
the aitoy within said hokiing vessel while the cooling rate Is controlled to be rapid enough to provkJe a uniform tenper- 
ature profile through the alloy in saki hokiing vessel no later than the start of the forming step and, thereafter, the coded 
aOoy is fed into a moU where it is subjected to pressure foming. 

The wall thk:kness of the fiokf ng vessel 29 is desirably such that after pouring of the mdten metal, no dendritic pri- 
mary crystals will result from the metal in contact witii the inner surface of tiie vessel and yet no solidified layer will 
remain in the vessel at the stage where the semisdkl metal has been discharged from within the vessel just before 
shaping. The exact value of tiie waO thickness of the vessel is appropriately determined in conskJeration of the alfoy type 
and the weight of ttie alloy in the holding vessel 29. 

The term "fraction sdkJ appropriate for shaping"means a relative proportion of the solid ptiase whfoh is suitable for 
pressure forming. In high-pressure casting operations such as die casting and squeeze casting, the fraction sofid 
ranges from 10% to 80%, preferably from 30% to 70%. If the fraction solid ts more tfian 70%. the formabil'ity of the raw 
material is poor; below 30%. the raw material is so soft that it is not only difficult to handle but also less likely to produce 
a hon[X)geneous structure. In extruding and forging operations, the fifaction sofid ranges from 30% to 99.9%, pref^aUy 
from 50% to 99.9%; if the fraction soM is less than 50%. an inhomogeneous structure can potentially occur. 

The lemperature not higher tiian tiie Ikjukfus tenperature" means such a tanperature that even if the temperature 
of the alfoy wittiin tiie hdding vessel is rapidly towered to the level equal to the mokling tenperature, no dendritic pri- 
mary crystals will result from the melt ki contact with the inner surface of tiie hdding vessd and yet no solklified layer 
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will remain in the vessel at the stage where the semisolid alloy has t>een discharged from within Ihe vessel just t>efore 
shaping. The "temperature not Ngher than the liquidus temperature" is also such that the alloy containing aystal nuclei 
can be poured into the holding vessel 29 without losing the crystal nuclei. The exact value of this tenperature difters 
with the aUoy type and the weight of the alloy within the holding vessel. 
5 The "holding vessel** as used in the invention is a metallic or nonmetaific vessel, or a metallic vessel having a sur- 
face coated with nonmetallic materials or semiconductors, or a metallic vessel compounded of nonmetallic materials or 
semiconductors. Coating the surface of the metallic vessel with a nonmetallic material is effective in preventing the 
sticking of the metal. 

The *'outer vessel" as used in the invention serves to ensure that the alloy in the holding vessel will be cooled within 
10 a specified time. To this end, the outer vessel, must have the ability to cod the. holding vessel 29 rapidly in addition to 
a cap£ibiity for heat-retaining or heating said vessel. To meet this requirement the temperature of the outer vessel 31 
should be lowered to the level equal to the molding temperature within a specified time. 

In Older to provide a more uniform temperature profile through the alloy within the holding vessel 29. the outer ves- 
sel 31 may be provided with a temperature profile t^, for example, heating the lop and bottom portions of the outer ves- 
15 sel 31 in a high-frequency heating furnace by a greater degree than the middle portioa In the case where the outer 
vessd 31 starts to be heated before the holding vessel 29 is inserted and continues to be heated.until after its insertion, 
the heating of the outer vessel 3 1 may be interrupted tenrporarily if it is necessary for adjjusting the temperature of the 
alloy within the holding vessel 29. 

The Inside diameter of the outer vessel 31 is made sufficiently larger than the outside cRameter of the holding vessel 
20 29 to provide a clearance t^etween the outer vessel 31 and the holding vessel 29 accommodated in it To insure the 
clearance, a plurality of projections are provided along the outer circumference of the holding vessel 29 and/or tiie inner 
circumference of the outer vessel 31. AKematively. the clearance may be insured by replacing the projections with 
recesses formed in either the outer circumference of the holding vessel or the inner circumference of the outer vessel. 
Tlie gap between tfie holding vessel 29 and the outer vessel 31 is typically filled with air but various otiier gases 
25 may be substituted such as inert gases. cartx)n dioxide and SFg. 

According to the invention, semisolid metal forming will proceed by the following specific procedure. In step (1) of 
the process shown n Rgs. 32 and 4, a complete liquid form of metal M is contained in a ladle 10. In step (2). the low- 
temperature melt (whk;h n^y optionally contain an element that is added to promote the generation of crystal nudei*) is 
cooled with a jig 20 to generate crystal nudei; in step ^)-0, the melt is poured into a vessel 30 that is preliminarily held 
50 at a spectfied temperature not higher than the fiquidus temperature, tiiereby yielding an alloy containing a large number 
of crystal nudei at a temperature either just t>elow or above the liquidus line. 

Alternatively, the cooling jig 20 may be dispensed witii and the low-temperature melt of a composition just above 
the melting point and which contains an element added to promote the generation of a fine structure may be direcUy 
poured into the holding vessel 29 which is preliminarily maintained at a temperature not higher than the liquidus tem- 
35 perature. 

In subsequent step (3). the holding vessel 29 is accomoKxiated within the outer vessel 31 fined with a heat insulator 
33 on tiie txrttom and then fitted witii a Tid. Thereafter, the alloy in the holding vessel is held in a semisolid condition with 
Its temperature being lowered, whereby fine particulate (nondendritic) primary crystals are generated from tiie intro- 
duced aystal nuclei. In order to ensure that the temperature in the fiolding vessel 29 is lowered under the tenperature 

40 conditions specified in Figs. 9 and 1 0, the outer vessel 31 is temperature managed such as by internal or ^eternal heat- 
ing or by induction heating, with the heating b^ng performed orily before or after tiie insertion of the holding vessel 29 
or for a continued period starting prior to the insertion of tiie holding vessel and ending after its insertion. 

Metal M thus obtained at a specified fraction solid is inserted into a die casting irijection sleeve 70 and tiiereafter 
pressure formed wittiin a mold cavity 50a on a die casting machine to produce a shaped part 

45 The casting, spherddizing and molding conditions that are respectively set for the steps sfiown in (see Rg. 9), 
namely, the step of pouring the molten metal on to tiie cooling jig, tiie step of generating and spheroidizing primary ays- 
tals and tie forming step, are set forth t>elow more specifically. Also discussed below is the criticality of tiie numerical 
limitations set forth in claim 18. 

Ihe holding vessel 29 is used to hdd the molten metal until it is coded to a specified fraction solid after its temper- 

so ature has dropped just below tiie liquidus line. If tiie thermal conductivity of tiie vessel 29 is less than 1 .0 kcal/hr • m « ""C 
(at room temperature), it has such a good heat insulating effect tiiat an unduly prolonged time is required for the molten 
metal M in the holding vessel 29 to be coded to tiie temperature where a specified fraction sdid Is established, tiiereby 
redudng tiie q^erational effidency. In addition, the generated spherical primary crystals become coarse to deteriorate 
the formability of the alloy. 

55 It should, however, be mentioned that if tiie holding vessel contains a comparatively small quantity of tiie mdt the 
holding time necessary to achieve the intended coding becomes short even if the thermal onductivity of the vessel is 
less than 1 .0 kcal/hr • m • at room temperature. If tfie tenperature of the hdding vessel 29 is higher ttian the liquidus 
temperature, the mdten metal M as poured into tiie vessel is higher than tiie liquidus line, so that only a few crystal 
nudei will rem^n in tiie liquid phase to produce large iximary crystals. In order to endure a more uniform temperature 



21 



EP0745 694A1 

profye thfough the alloy within the holding vessel 29 by means of the outer vessel 3 1 while the molten metal M is cooled 
to a temperalure where the fraclion solid appropriate for shaping is estsMtshed. either one of ttie following conditions 
should be satisfied: the top of the hokling vessel 29 should t>e fitted with a Gd; an adec^e clearance should t^e pro- 
vided t>elween the holding vessel 29 and the outer vessel 31 : a heat insulator should be provided in the area where the 
5 bottom of the holding vessel 29 contacts the outer vessel 31; or projections or rec 
the holding vessel 29 or the outer vessel 31. 

In the example under discussioa the crystal nuclei were generated by the method of the invention recited in claims 
2, 9 and 10. 

Table 3 shows the concfifions of the holding vessel, the alloy within the holding vessel, and the outer vessel, as well 
10 as the qualities of shaped parts. As shown in Fig. 32. the shaping operation consisted of inserting the semisolid metal 
into an injection sleeve and subsequent forming on a squeeze casting machine. The forming conditions were as follows: 
pressure. 950 kgl/cnf ; iri|ection speed; 1 .Omfe; casting weight (including biscuits). 2 kg; mold temperature. 250^0. 
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Witi Comparative Samples 10 and 1 1 which cllcj not use the outer vessel, the temperature of the within flie 
holding vessel dropped so rapidly that fme primary crystals formed t3ut. on the other hand, the temperature profile 
through the semisolid alloy in the holding vessel was poor as shown in the graph on left side of Fig. 33. With Compar- 
ative Sample 12. the semisofid metal holding time within the holding vessel was sufficiently long to provide a gocxJ tem- 
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perature profile through the metal in the holding vessel txit on the other hand, unduly large prinnary crystals formed. 
With Comparative Sample 13. the casting temperature was so high that the alloy as poured into the holding vessel 
acquired a sufficiently high temperature to either substantially preclude the generation of crystal nuclei or cause rapid 
disappearance of crystal nuclei, thereby yielding unduly large primary crystals. With Comparative Sanple 14. the frac- 
tion liquid in the semisofid metal was hig|h whereas the holding time was short, theret>y providffig only a poor tempera- 
ture profile through the semisolid alloy within the holding vessel. 

In Invention Samples 1 - 9. the metal in the vessel was raf^dly cooled with its temperature profile being maintained 
sufficiently uniform that semisolid metals having nondendirit'c fine primary crystals were prodtK^ed in a convenient and 
easy way. Such alloys were then fed into a mold and pressure formed to produce shaped parts of a homogeneous 
structure having fine (<200pm) spherical primary crystals. 

Examples 

Examples of the invention (as recited in daims 1 9 - 23) will now t>e descril>ed in detail with reference to accompa- 
nying drawings 36 - 49 and 53. in which : Rg. 36 is a plan view showing the general layout of molding equpnent (its first 
embocfiment) according to an example of the invention; Fig. 37 is a plan view of a temperature management unit Ctts 
first embodiment) according to the example of the invention; Rg. 38 is a graph showing the spedftc positions of tem- 
perature measurement within a vessel according to an example of the invention; Rgs. 39, 40 and 41 are graphs show- 
ing the temperature history of cooling within the vessel under different conditions; Fig. 42 is a longitudinal section of a 
semisolid metal cooling furnace according to another example of the invention; Rg. 43 is a plan view of a ternperature 
management unit (its secorxJ enrixxiiment) acoorcGng to yet another example of the invention;Rg.44 is a longitudinal 
section A - A of Rg.43; Rg. 45 shows the temperature profiles in the vessel fitted with heat insulators according to an 
example of the invention; Rg. 46 is a plan view of a temperature management unit (its third embodiment) according to 
another example of the invention; Rg. 47 shows schematically the composition of a temperature controller for a semi- 
solid metal cooling furnace (its first emtxxJiment) accorcfing to an example of the invention; Fig. 46 shows schematically 
the composition of a tenrperature controller (its second embodiment) for a semisolid metal coding furnace according to 
another example of the invention;Fig.49 is a longitudinal section of a vessel rotating unit according to an example of the 
invention; and Rg. 53 is a longitudinal section of a semisolid metal cooling fumace as it is equqsped with a vessel vibra- 
tor according to another exanple of the invention. 

As F^.36 shows, the mdlding equipment generally indicated by 300 consists of a melt holding fumace 14 for feed- 
ing the woXten metal as a molding material (containing a large number of crystal nudeQ. a molding machine 200, and 
a tenrperature management unit 1 04 for managing tiie temperature of the melt until it is fed to the molding machine 200. 
The molten metal held within the furnace 1 4 contains a large number of crystal nudei. 

As also shown in Rg.36, the temperature management unit 104 consists of a semisolid metal cooling section 1 10 
and a vessel temperature control section 140; the semisolkJ metal cooling section 1 10 te conposed of a semisofid metal 
cooling furnace 120 and a semisolid metal slowly cooling furnace 130 which are connected in a generally rectangidar 
arrangement by means of a transport mechanism such as a conveyor 1 70 whereas ttie vessel temperature control sec- 
tion 140 is conposed of a vessel cooling furnace 150 and a vessel heat-retaining furnace 160. The temperature man- 
agement unit 104 is also equipped with a robot 180 which grips tiie vessel 102 and transports it to one of the specified 
positions A - F (to be described below). 

The tenperature management unit 104 is operated as follows. An empty vessel 102 is first located in tiie heating 
vessel pickip position A. The robot 1 80 then transfers the vessel 1 02 fo ttie position B, where the vessel is charged witti 
a preserved amount of the nx)lten metal from the melt holding fumace 1 4. Thereafter, ttie robot 1 80 transports ttie ves- 
sel 1 02 to ttie filled vessel rest position C; sUbsequentiy. the vessel is cooled as it is carried by ttie conveyor 1 70 to pass 
through the semisolid metal coding furnace 120 in a specified period of time. The vessel 102 leaving the fumace 120 
reaches ttie slurry vessel rest position D. from which it is immediately transferred to the sleeve position E t)y the robot 
180 if the injection sleeve 202 in the molding machine 200 is ready to accept ttie molten metal; at position E. the slunry 
ofsemisdid metal in ttie vessel is poured into the injection sleeve 202. If ttie ir^ecGon sleeve 202 is not ready to accept- 
the molten metal when the vessel 102 has reached ttie slurry vessel rest position D (i. e., if the molding macNne is oper- 
ating to perform pressure forming), ttie slurry of semisolid metal wHhin the vessel will progressively sdidify upon cooling 
while it is waiting for acceptance in the position D. thereby making it impossible for all the slurry to be discharged from 
the vessel or ttie crystal nudei m the slurry wOl disappear to cause deterioration in ttie quality of the shaped part In 
order to avoid these problems, ttie vessel 102 is forwarded to ttie semisolid metal slowly cooling fumace 130. where it 
waits for ttie molding machine 200 to become completely ready for the acceptance of the mdten metal while ensuring 
against its rapid coding. 

The vessel 102 from which the slurry of semisolid metal having satisfactory properties has been emptied into the 
irijection sleeve 202 is then transferred to ttie empty vessel rest position F by means of ttie robot 180. carried by the 
conveyor 170 into ttie vessel coofing furnace 150. where it is cooled for a specified tirrie. passed through ttie vessel 
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heat-relaining furnace 160 as it is held at a suitable temperature, and is Ihereafter returned to the heatirn vessel pick 
up position A. ' 

A specific embodiment of the temperature management unit 104 is shown in Fig.37. In this fiist embodnnent. alu- 
minum alloys are to be treated at a comparatively smaH scale wHh the molten metal being poured in an amount of no 
more tian 10 kg; the system configuration is such that the molding cyde on the molding machine 200 is about 75 sec- 
onds and the time of passage through the semisolid m^ cooling furnace 120 and the vessel tenpereiure ccntroner 
140 (t. e.. consisting of the vessel cooling furnace ISO and the vessel heat-retaining furnace 160) is 600 seconds in 
total » the total passage time is longer than 600 seconds, the overall equipment becomes inpracticailybullvan^ 
volume of the slurry in process which results from machine troubles and which has to be discarded is increased and 
these are by no means preferred or the purpose of constructing commercial production bcilities. Considering these 
points and in order to achieve consistent temperature management for a small quantity of slurry having go^ 
the vessel 102 is made of an Al203«Si02 composite having a small themial conducfivity (0.3 kcaI/hr-m-"C). As a 
result, a slury of semisolid metal having satisfactory properties can be obtained H only the tenperature of the vessel 
102 is retained by circulation of hot air the tenperature of which is set at a constant value of 1 20»C. 

The system shown in Fig. 37 has the following differences from the system of Rg.36. Since the vessel 102 is made 
oftheAl2Q3 • SiC^ composite, it has a suffidentlysman thermal conductivity that one only need supply the imm^ 
the semisolid metal cooling furnace 120 (which is set at a temperature of 200°C) with a circulating hot airflow of a con- 
stant temperature from a hot air generating furnace 122. In addition, one only need equ'p the semisolid metal slowly 
cooing furnace 130 (which is set at a temperatue of 550 'C) and the vessel heat-retaining furnace 1 60 (wWch is set at 
a temperature of 100'C) with heaters 132 and 162. respectively. With these provisions; the tenperature in the vessel 
1 02 can be managed correctly to ensure that slunies of semisolid metal having satistetory properties can be produced 
in a short time while assuring faiily consistent teirperalure management The temperature n the vessel is optimally at 
70 'C: to ensure that the temperature in the vessd is consistently managed at the optimal 70''C. adequate heat removal 
must be effected in the vessel cooling furnace 150; othenwise. the tenperature in the vessel 102 becomes undesirably 
high. To deal with this problem, the vessel cooHng furnace 150 is fitted with a tjlower 152 and a bk^ 
that a fast air flow is blown at room temperature to achieve forced coaling. 

For system assessment on the management of the temperature »i the vessel 102. a sheathed themiocouple was 
set up in the vessel and tenperature data were taken under various concfitions. Fig. 38 shows five different posHrans 
(A) - (E) of temperature measurement in the vessel 102. into which the 1.0- mm thick sheathed themwcoipie was 

Fig.39 shofvs the tenperature Wstory of cooling under condition I. i. a, the vessel tenperature control section 140 
was not divided into the vessel cooling furnace 150 and the vessel heat-retaining furnace 160 and a hot air fbw having 
the farg^ temperature of 70«C was circulated within the monofithic vessel tenperature control section 1 40 at a velocity 
of about 5 nVsec With this approach, the tenperature in the vessel dropped to only about 200 »C which was to from 
the target value. 

Fig.40 shows the temperature history of cooling under condition II. i. e.. a hot air flow having a tenperature of 70**C 
was circulated at a higher velocity of about 30 m/5sec. This approach was effective in further reducing the tenperature 
f nthe vessel but not to the desired level off TO^'C. 

Fig,41 shows the temperature history of cooling under condition III, i. e,. the vessel tenperature control section 140 
was divided into the vessel cooling furnace 150 and the vessel heat-retaining furnace 160. with an air flow at ordinary 
tenperature being circulated within the cooUng furnace 150 at a velocity off 30 mfeec whereas the atmosphere in the 
vessel heat-retainkig fumace 160 had its tenperature raised to 70X by means of an electric heater. It was only with 
this system that the tenperature in the vessel could be managed to be stable at the intended 70*C. 

If. in the case of treating aluminum alloys at a large scale, the vessel 102 is made off ceramics having thermal con- 
ductivities off no more than 1 kcalAn • hr • the time to cool the sluny of semisolid metal becomes inpractically long. 
Therefore, in the second embodiment off the tenperature management unit 104 which is adapted for handfing conpar- 
atively large volumes of aluminum alloys such that the molten afloy is poured in an amount of 20 1^ or more, the vessel 
102 IS made off SLIS304 (see Fig,43) rather than the ceramics which are used with theffiist entxxJiment showi in Fig 37 
and which require a prolonged cooUng time. The resulting differences between the first entxxliment of the tenperature 
management unit 104 (ng.37) and the second embodiment are as follows. 

In ordw to ensure smooth recovery of the slurry ffrom the vessel 102, its inner surfaces have to be coated with a 
water-soluble (which is desirable for ensuring against gas evolution) spray off a lubricant and. to this end. a spray posi- 
tion (spr^ equipmenO is provided between the vessel cooling ffumace 150 and the vessel heat-retaining furnace 160. 
Accordingly, the vessel 102 emerging from the vessel cooling furnace 150 must be kept at a sufficient tenperature (200 
'*C)to allow for the deposition of the spray solution; to meet this requirement, hot air at 200*C is applied against the ves- 
sel through a blow nozzle. As the result of the application of the water-soluble spray, the vessel 102 experiences a local 
temperahire drop. In order to ensure that the vessel 102 has a unifbmi temperature of 200 tfvoughout, a hot air flow 
at 200 is circulated within the vessel heat-retaining furnace 160 while it Is agitated by a rotating fan to ensure uni- 
formity in the temperature off the vessel 102. 
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The vessel 102 which is made of SUS304 allows thermal diffusion through it, so even if the semisolid metal cooling 
furnace 120 is of the design shown in Fig.42. no sharp border line can be drawn between the high-temperature range 
of the vessel (consisting of its top and tx>ttom portions) and the low-temperature range (the middle portion of the ves- 
sel). To deal with this problem, a preheating furnace 190 is provided as accessory equipment on a lateral side of the 

5 semisolid metal coofing furnace 120 and, as shown in Fig.44. a lid 102a made of a cer^^ • SiOaOom- 

posite) and a plinth 1 02b are used to heat-retain the top and bottom of the vessel 1 02 while it is heated in the preheating 
furnace 190 before it is charged into the semisolid metal cooling furnace 120. 

The interior of the semisolid metal cooling furnace 120 is supplied with hot air from the hot air generating furnace 
via two sets of t>low nozzles 124. one t>eing in the upper position and the other in the lower position. The supplied hot 

10 air is circulated within the cooling furnace 1 20 with its temperatureand velocity being 220''C and 5 m/sec at the entrance 
and 1 80 "t! and 20 m^ec at the exit, whereby the semisolid metal is cooled comparatively slowly in the initial cooling 
period but cooled rapidly in the latter period. 

Thi^ the present invention provides a method of temperature management in which the step of managing the tem- 
perature in the vessel 1 02 at an appropriate level before it is supplied with the molten metal is distinctly separated from 

IS the step of managing the temperature in the vessel 102 in such a way that the as poured molten metal can be cooled 
at a desired appropriate rate; the Invention also provides the apparatus for temperature management 104 which is 
capable of automatic performance of these steps in an efficient and continuous manner. Also proposed by the invention 
is a system configuration that inplements the respective steps by means of the vessel temperature control section 1 40 
and the semisoTid metal cooling section 110. 

20 In a specific embodiment, the vessel tenperature control section 140 is composed of the vessel i:xx)ling furnace 
150 capable of forced coding with a circulating hot air flow that provides an appropr'»te cooling capacity by controliing 
the ternperature and velocity of the air passing through the furnace and the vessel heat-retainffig furnace 160 which 
controls the temperature of tiie atmosphere to lie at the target value in the vessel 102 and which maintains the vessel 
102 at said temperature of the atmosphere. It should be noted here that the temperature to which the vessel cooling 

25 fumace 150 and the vessel heat-retaining furnace 160 should be cc^rolled differs between aluminum and magnesium 
alloys. In the case of aluminum alloys, the interior of the vessel cooling furnace 150 is controlled to tie between room 
temperature and 300 ""C whereas the interior of the vessel heat-retaining furnace 160 is controlled to lie between 50 ""C 
and 350 ""C; in the case of magnesium alloys, the interior of the vessel cooflng fumace 150 is controlled to lie between 
room tenperature and 350''C whereas the interior of the vessel heat-retaining fumace 160 is controlled to lie between 

30 200^*0 and 450 **C. 

The semisolid metal cooling section 1 10 is composed of the semisolid metal cooling furnace 120 which is adapted 
to circulate hot air at an appropriate tenperature such as to accomplish cooling witfun the shortest possible time that 
produces the slurry of semisolid m^ with satisfactory properties and the semisolid metal slowly coding fumace 130 
which is designed to maintain the slurry of semisofid metal for 2 - 5 minutes in a temperature range appropriate for 

35 shaping such as to be adaptive for the specific molding cyde on the molding machine 200. Again, the temperature to 
which the semisolid metal cooling furnace 120 should be controlled differs between aluminum and magnesium alloys. 
In the case of aluntinum alloys, tiie temperature should be controlled to lie between 150 ""C and 350 ""C and in the case 
of magnesium alloys, the temperature should be controlled to lie between 200 ""C and 450 "^C. On the other hand, the 
interior of the senvsolid metal slowly cooling fumace 130 should be controlled to be at 500 and above in both cases. 

40 If the injection sleeve 202 on the molding machine 200 is ready to accept the molten metal just at time when the 
vessel 102 holding the metal has left the semisolid metal cooling furnace 120, the metal is immediately fed (poured) hnto 
the molding machine 200 without being directed into the semisolid metal slowly cooling fornace 130. Conversely, if the 
irijection sleeve 202 is not ready to accept the molten metal since the molding machine 200 is operating, the vessel 102 
leaving the semisoTid metal coofing fumace 120 is transferred to the semisolid metal slowly ooofing fumace 130. 

45 As shown in Figs.37 and 42. the sen^ld metal cooling furnace 120 has the vessel 102 canied on the conveyor 
1 70 via a heat insulating plate 1 20c and the inner si^ces on the sidewall of the furnace 1 20 is partitioned by an upper 
and a lower heat insulating plate 120b in the middle portion of its height, wi^ hot air (set at an appropriate temperature 
of 120''C) being circulated through the partitioned area to establish a low-temperature region; at the same time, the 
inner surfaces of both top and t>ottom portions of the furnace 120 are heated with electric heaters 120a (set at a tem- 

so perature of 500''G) to establish a high-tenperatire (ca. 500 ''C) region, thereby ensuring that a uniform temperature is 
provided throughout the molten metal in the vessel 102. 

A first verston of the heating system in the semisolid metal cooling fumace 120 according to the invention is such 
that either the temperature or the velocity of ^e circulating hot air is controlled to vary appropriately with the lapse of 
time or. alternatively, both tiie temperature and the velocity d the hot air are controlled to vary simultaneously with tiie 

55 lapse of time. 

The first specific errtxxfiment of the heating system is as shown in Fig.47 and comprises a hot air line for supplying 
a hot air flow into the semisolid metal cooling furnace 120, an air line from which an air flew at ordinary tenperature 
emerges to coni^ine with the hot air to lower its temperature, a damper for oontrotiing the quantity of the air flowing 
through the air line, and a damper opening controller. 
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The second spedftc embodiment of the heating system is as shown in Fiq.48 and comprises a temperature sensor 
installed within the semisolid metal cooling furnace 120. a hot air fine tor sifspiying a hot air flow into the furnace, an air 
line that oomtsines with the hot air One. an automatic damper installed on the air line, and a damper opening controller 
that perfbnns feed badk control on the damper opening on the t)asis of the data obtained by m easurement with the tem- 
perature sensor. The opening of the automatic damper is controlled on the basis of the data for the temperature in ttie 
f u-nace and the hot air is mixed with an appropriate amount of air and fed into the furnace, whereby the tenperature 
and the velocity of the circulating hot air are controlled such that the molten metal will be cooled at a desired rate. 

Example 7 

An example of the Invention (as recited in claims 24 - 29) will now be described spedfically with reference to 
accompanying Rgs. 43 - 53. in which: Fig.dO is a plan view showing the general layout of molding equipment; Fig. 43 
is a plan view of the temperature management unit (its first entxxJiment); Fig.51 is a longitudinal sectional view showing 
in detail the position of temperature measurement within the holding vessel; Fig. 52 is a graph showing the temperature 
history of cooling within the holding vessel; Fig. 44 is a longitudinal section A - A of Fig.43; flg.46 is a plan view of the 
temperature management unit frts second entbodiment} according to another example of the invention; Rg. 45 shows 
the temperature profiles in the vessel fitted with heat insulators as compared with the temperature profile in the absence 
of such heat insulators; Ftg.47 shows schematically the composition of the temperature control unit Ots first embodi- 
ment) tor a semisorid metal cooling furnace; F}g.4d shows schematically the composition of the temperature control unit 
(its second entbodiment) for a sem^lid metal cooling furnace according to another example of the inventicxi; Ftg.49 is 
a longitudinal section of the semisofid metal cooling furnace according to the second embodiment in which it is 
equipped with a vessd rotating mechanism; and Fig.53 is a longitudinal section of the semisolid metal cooling furnace 
according to the third embocfiment in which it Is equipped with a vessel vforating mechanism. 

As shown in Rg.50. the molding equipment generally indicated by 104 consists of a melt holding furnace 10 for 
feeding the molten metal as a molding material, a molding machine 200 and a temperature management unit 100 for 
managing the temperature of the melt imtii it is fed to the molcfing machine 200. 

As also shown in Fig.50. the temperature management unit generally indicated by 104 consists of a semisolid metal 
cooling section 1 10 and a vessel temperature control section 140; the semisolid metal cooling section 1 10 is composed 
of a semisoiki metal cooling furnace 120 and a semisol'id m^ slowly cooling furnace 130 which are connected in a 
generally rectangular anangement by means of a transport mechanism such as a conveyor 1 70 whereas the vessel 
temperature control section 140 is composed of a vessel cooling furnace 150 and a vessel heat-retaining vessel 160. 
The tenperature management unit 100 is also eqwpped with a robot 180 which grips the vessel 102 and tmnsports it 
to one of Ifie specified positions A - F (to be described below). The vessel 1 02 moves in the direction of arrows. 

In the first entxxjiment of the temperature management unit 104, the preheating furnace 190 is provided near and 
parallel to the semisoTid metal cooling furnace as shown In Figs.43 and 44. The purpose of the preheating furnace 190 
is to ensure that both the plinth 1 02b placed under the melt containkig vessel 1 02 and the lid 1 02a placed on top of the 
vessel 102 are preliminarily heated to a higher temperature than the hot air to be passed through the semisolid metal 
cooling furnace 120 such that unifontiity will be assured for the temperature of the melt within the vessel as it is cooled 
in the semisolid metal cooling furnace 120. To this end, both the Iki 102a and the plinth 102b which are earned on ^e 
conveyor 170 wUl be heated by ttie hot air being liijected through the blow nozzle 192 as they move together with the 
conveyor 170 (see Rg. 44). 

The tenperature management unit 104 is operated as follows. An empty vessel 102 is first located in the heating 
vessel lockup position A. The robot 180 then transfers the vessel 102 to the position B. where the vessel is charged with 
a prescrfoed amount of the molten metal from the melt hokfing furnace 1 0 (which holds the molten metal containing a 
large nunfoer of aystal nudeQ. Thereafter, the robot 180 transports the vessel 102 to the filled vessel rest position C. 
where it is placed on the plinth 102b and has its top covered with the lid 102a (both tfie lid 102a and the plinth 102b are 
preliminarily heated with the preheater 190): subsequently, the vessel is cooled as it is carried by the conveyor 1 70 to 
pass through the semfsofid metal cooling furnace 120 in a specified period of time. The vessel 102 leaving the furnace 
120 reaches the slunry vessel rest pc^on D, from which it is immediately transferred to the sleeve position E by the 
robot 180 if the Injection sleeve 202 in the molding machine 200 is ready to accept the molten metal; at position E. the 
slurry of semisolid metal in the vessel is poured into the injection sleeve 202. If the injection sleeve 202 is not ready to 
accept the molten metal when the vessel 202 has reached the slurry vessel rest position D (i. e.. if the nfx)lding machine 
is operating to perform pressure forming), the slurry of semisolid metal within the vessel will progressively solidify upon 
cooling while it is waiting for acceptance in position D. thereby making it impossible for all the slurry to be discharged 
from the vesselor the aystal nud^ in the slunry will dsappear to cause detertoration In the quality of the shaped part. 
In order to avoid these protslems. the vessel 102 is foravarded to the semisolid metal slowvly cooling furnace 130. where 
it waits for the mokiing machine 200 to become completely ready for the acceptance of the molten metal while ensuring 
against Hs rapid coolbig. 
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The vessel 102 from which the slurry of semisolid metal having satisfactory properties has been emptied into tfie 
Injection sleeve 202 is then transferred to the empty vessel rest position F by means of the robot 180. carried by the 
conveyor 170 into the vessel cooling furnace 150. where it is cooled for a specified time, passed tfirough the vessel 
heat-retaining furnace 160 as it is held at a suitable temperature, and is thereafter returned to the heating vessel pickup 
position A. 

A specific embodiment of the temperature management unit 104 is shown in ng,43. In this first embodiment, alu- 
minum alloys are to be treated on a comparatively large scale with the molten metal being poured in an amount of at 
least 20 kg; the system configuration is such that the molding cyde on the molding machine 200 is about 150 seconds 
and the time of passage through the semisolid metal cooling furnace 120 and the vessel temperature control section 
140 (i. e. consisting of the vessel cooling furnace 1 50 and the vessel heat-retaining furnace 1 60) is 600 seconds in total. 
If the total passage time is kniger than 600 seconds, the overdi equipment becomes impractically bulky and the volume 
of the slurry in process which results from machine troubles and which has to be (fiscarded is inaeased and these are 
by no means preferred for the purpose of constructing commercial production facilities. 

To satisfy these cyde conditions ernd yet to produce slurries of good properties, details of the system have t>een 
determined as fblk>ws. SUS304 was adopted as the constituent material of the vessel (in ttie case of a compaiatively 
small-scale operation with the molten metal being poured In an amount of no more than 10 kg. materials of small ther- 
mal conductivity provide comparative ease in temperature management; however, in a large-scale operation like tiie 
case under discussion, tiie use of ceramics and other materials of small thermal conductivity as the constituent material 
of the vessel requires an unduly prolonged time to cool the slurry, resulting in the failure to satisfy the cyde tone require- 
mentset forth above). 

In order to ensure smootti recovery of the slurry from ttie vessel 102, its inner surfaces had to be coated with a 
water-soliA)le (which is desirable for ensurnig against gas evolution) spray of a lubricant and. to this end. a spray por- 
tion was provided between the vessel cooling furnace 150 and tiie vessel heat^retaining furnace 160. The vessel 102 
emerging from the vessel cooling furnace 1 50 had to be cooled witfvn 5 minutes down to a temperature (200 ''C - 250 
''C) that would al low for effective deposition of the spray; to meet tfns requirement, hot air at 1 00 **C was appfied against 
ttie vessel through a bk>w nozzia 

As Vie result of the appfication of tfie water-soluble spray, the vessel 102 experienced a tocel temperature drop. In 
order to ensure tiiat tiie vessel 1 02 wouki have a uniform temperature of 1 80°C • 1 90 ''C tfiroughout to provide a uniform 
temperature profile through the slurry, tiie vessel 102 was heated in the vessel heat-retaining furnace 160 in which a 
hot air fkjwat 190 ^'C was circulated by means of alan. 

In order to provide a uniform tenperature profile through tiie scuny in the vessel, preheating furnace 190 was 
installed as an accessory and the plintti 102b and lid 102a which were each made of a heat insulator (AI2O3 • SiOg 
composite) were heated at 350 ""C before they were set up on the vessel 1 02; this arrangement allowed the vessel 102 
to be inserted into the semisolid metal cooling furnace 120 togetii^ witii the lid 102a and pfintii 102b. 

The interior of tiie semisolid metal cooling furnace 120 was equipped witii two sets each of hot air generating fur- 
naces and blow nozzles, through which hot air was supplied to drculate within tiie furnace 1 20, witii its temperature and 
veloctty bekig 220''C and 5 nVsec at the entrance and 180 *'C and 20 m/sec at ttie exit, wherry ttie semisofid metal 
was cooled comparatively sk)wty in ttie Initial cooling period but cooled rapidly in the latter period 

For management of tiie temperature in ttie vessd 102. a sheathed tiiermocouple was set in ttie vessel to take data 
on the temperature. Detailed discussion will follow based on ttie ttius taken temperature data 

Fig.51 shows ttie position of temperature measurement m ttie vessel 102. As shown enlarged on ttie right-hand 
illustration, a hole was made in tiie outer surface of ttie sidewall of ttie vessel to a deptti at one half the wall ttiickness 
and ttiermocouple was inserted into the hole and spotwekJed. 

Fig.52 shows ttie temperature history of cooling of ttie vessel 1 02. The vessel temperature control section 1 40 was 
divided into ttie vessel cooling furnace 150 and tiie vessel heat-retaining furnace 160 and, as already mentioned above, 
ttie vessel cooling furnace 150 was so adapted ttiat liot air at 100 ""C was applied against ttie vessel through tiie blow 
nozzles" whereas the vessel heat-retaining vessel 160 was designed to "permit drculation of hot air at 190 ""C." 

The system under discussion requires that ttie " spray should be deposited" wittiin a limited time perkxJ while "a 
uniform temperature (ISO^'C - 190 "C) should be established ttiroughout tiie vessel 102". To meet these requirements, 
tiie vessel temperature contrd section 140 was divided ^0 tiie vessel cooling furnace 150 and flie vessel heat-retain- 
ing fumace 160 and optimal temperature mans^ement was performed in each furnace. 

The second enixxftnent of ttie temperature management unit 100 shown In Fig. 46 was chiefly Intended for ttie 
tteatment of magnesium alloys. As typically shown in Rg.49, the temperature management unit 100 comprises a plu- 
rality of linearly arranged housings 120A in a generafly cubic shape, each being fitted witti a top cover 120B ttiat couM 
be opened or dosed by means of an air cyfinder120C. Hot air couM be forced into ttie housings 120A.V\r^ 
120B open, tiie melt containing vessel 102 was placed on tfie plinth 102b at tfie bottom of each housing 120A and a Ikl 
102a fixed to ttie inskle surface of the cover 120B was fitted over the top of ttie vessel 102 so ttiat it wouU ensure a heat 
insulating effect during the cooling of ttie vessel 102. The vessel was adapted for transfer Into or out of ttie housing 
120A t)y manipulation of the robot 180. 
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Thus, the semisolid metal cooling furnace 120 according to the first entxxSment shown in ng.44 is of a continuous 
type In which the vessel 102 is carried by the conveyor 1 70 while the furnace is operating and. in contrast the semisolid 
metal coofing furnace 1 20 acoording to the second embodiment shown in Fig.46 is of a batch system. 

As also sTwwn in Fig.49, tfie pfinlh 1 02b seated on the bottom of the housing 120A is cot9>led to a rotational drive 
mechanism consisting of a motor 121a. a chain ^2^b, a sprocket121c. a bearing 121d, etc, and this drive mechanism 
allows the vessel 102 to rotate freely during its cooling operation. 

Another embodiment of the semisolid metal coofing furnace 1 20 is shown in Fig.53; it is fitted with not only a vibra- 
tor 121f that is actuated with an uftrasonic oscillator 121e but also a water-coded booster 121g and this airangemen- 
twifl prxjvide effective vtxations to the vessel 102. 

Fig.45 shows the temperature profiles obtained by fitting ^e top and bottom of the vessel vinth the fid 102a and the 
pfinth10a> which were each niade of a heat insulator (AI2Q3 • 8i02Confposite). Obviously, the use of the heat insula- 
tor produced uniform temperature profies as compared with the case of using no such heat insulators. The uniformity 
in temperature profile was fulher improved by preheating the insulator. 

We next discuss the *high-viscosity region". The afioy to be treated in the case at issue is AC4C which has a eutec- 
tic tenperature of 577 Within a narrow temperature range centered at this eutectic point the fraction solid increases 
sharply from 56 % to 100 % and the viscosity will inturn rises noticeably Hence, the region of 56 % to 100 % fraction 
solid may wefl be considered as the "high-density region". When no heat insulator was used, both the top and bottom 
portions of the vessel were entirely covered with the "high^lensity region" and in a case fike this, the desired sluny 
would not form smoothly In contrast, the mere use of the heat insulator resulted in a significant decrease in the "high- 
density region", which barely remained at the corners. Obviously the "high-density region" totally disappeared when the 
heat insulator was heated. In the case under discussion, the heat insulator had to be heated but with smaller vessel 
sizes, there was no particular need to heat the heat insulator. 

Magnesium alloys involve difficulty in temperature management since they have small latent heat and will cool rap- 
idly. To deal with this problem, the semisolid metal cooling furnace 120 according to the second ernbodiment shown in 
Fig. 46 have the following differences from the first enixxiiment shown in Fig.43. 

First, silicon nitride was used as the constituent material of the vessel but it was diff icult to obtain a uniform tenper- 
ature profile tiirough the slurry in the vessel. Under tiie circumstances, the semisolid metal cooling furnace 120 for han- 
dling vessels having a diameter of wore than 100 mm had to be equipped with a vessel rotating mechanism as 
indicated by 120X in Fig.49 or a vessel vtorator as indicated by 120Y in Rg.53. (With vessels having diameters ranging 
from 50 mm to less than 100 mm. neither the vessel rotating mechanism nor the vessel vibrator had to be installed. With 
vessel diameters of 100 mm - 200 mm, a vessel vibrator as indicated by 120Y in Fig. 53 was necessary and with vessel 
diameters of more than 200 mm. a vessel rotating mechanism capable of more vigorous agitation as indicated by 120X 
in Rg. 49 had to be employed.) 

It was also necessary to perform the temperature management in such a manner ^ to be flexible with time; to meet 
this need, a furnace temperature controller as indicated by 120Z in Fig. 47 or 48 was installed. (With vessel diameteisof 
less than 100 mm, the rate of cooling tfie slurry was so sensitive to the variations in the tenperature witNn the furnace 
that it was necessary to control the temperature in the furnace the mechanism shown in Fig.47. With vessel diame- 
ters of less than 70 mm, not only the furnace tenperature controller but also a feedback control system as shown in Rg, 
48 was necessary.) 

In order to pennit tiie addition of these capabilities, the semisolid metal coofing furnace 120 was designed as a 
batch system of the type shown in Rg.46 and the timing for the transfer of tiie vessel Into and out of the furnace 120 
was cbntrofied by tiie robot 1 80. 

Thus, the present invention provides a metiKxi of temperature management in which the step of managing ttie tem- 
perature in the vessel 1 02 at an appropriate level before it is supplied witii the molten metal is distinctiy separated from 
the step of managing tiie temperature in the vessel 102 in suc^ a way that tiie as poured molten metal can be cooled 
at a desired appropriate rate; the invention also provides tfie apparatus for temperature management 104 which is 
capable of automatic performance of tiiese steps in an efficient and continuous manner. Also proposed by flie invention 
is a system configuration that implements ttie respective steps by means of ttie vessel temperature control section 1 40 
and the semisolid metal coofing sectton 1 10. 

In a specific embodiment, the vessel temperatore control section 140 is composed of ttie vessel cooling furnace 
1 50 capable of forced coofing with a circulating hot air flow ttiat provides an appropriate coofing capacity by controlfing 
the temperature and velocity of tiie air passing throu^^ ttie furnace and ttie vessel heat-retaining furnace 160 which 
controls tiie temperature of the atmosphere to fie at tfie target value in tfie vessel 102 and whidi maintains ttie vessel 
102 at said tenperature of ttie atmosphere. It should be noted here ttiat ttie tenperature to which the vessel coofing 
furnace 150 and the vessel heat-retaining furnace 160 should be controUed differs between aluminum and magnesium 
alloys- In ttie case of aluminum alloys, ttie interior of the vess^ coofing furnace 150 is controHed to lie between room 
temperature and 300 whereas ttie interior of tfie vessel heat-retaining furnace 160 is controlled to fie between 50 
and 350 ""C; in tiie case of magnesium alloys, the viterior of the vessd coofing furnace 150 is controlled to fie between 
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room temperature and 350^C whereas the interior of the vessel heat-retaining vessel 160 is controlled to lie between 
200»Cand4S0<'C. 

The semisolid metal cooling section 110 is composed of the serrasofid metal cooling furnace 1 20 wtiich is adapted 
to ctrculate hot air at an appropriate temperature such as to accomplish coofing within the shortest possible time that 
produces the sluny of semisolid metal with satisfactory properties and the semisolid metal slowly cooling fumace 130 
which is designed to maintain the sluny of semisolid metal for 2 - 5 minutes in a temperature range appropriate for 
shaping sudi as Id be adaptive for the specific molding cyde on the molding machine 200. Again, the temperature to 
which the semisolid metal cooling furnace 120 should be controlled differs between aluminum and magnesium alloys. 
In the case ofaluminum alloys, the temperature should t>e controlled to lie t>etween 150 ""C and 350 ""C and in the case 
of magnesium alloys, the temperature should be controlled to lie t>etween 200 '^C and 450 ""C. On the other hand, the 
interior of the semisolid metal slowly cooling furnace 1 30 should be controlled to be at 500 ""C and above in both cases. 

If the injection sleeve 202 on the molding machine 200 is ready to accept the molten metal just at the time when 
the vessel 1 02 holding the metal has left the semisorid metal cooling furnace 1 20. the metal is immediately fed (poured) 
into the molding machine 200 without being directed into the semisolid metal slowly cooGng furnace 1 30. Conversely, if 
the injection sleeve 202 is not ready to accept the molten metal since the nK)lding machine 200 is operating, the vessel 
102 leaving the semisolid metal cooling 120 is transferred to the semisolid metal annealing furnace 130. 

A first version of the heating system in the semisoiki metal cooling fumace 120 according to the invention is such 
that either the temperature or the velocity of the circulating hot air is controlled to vary appropriately with the lapse of 
time or, alternatively, both the temperature and the velocity of the hot air are controlled to vary simultaneously with the 
lapse of time. 

The first specific (embodiment of the heating system (furnace temperature control unit 120Z) is as shown in Fig.47 
and comprises a hot air line for supplying a hot air flow into the semisolid metal cooling furnace 120, an air One from 
which an air flow at ordinary temperature emerges to combine with the hot air to lower its temperature, a darnper for 
controlling the quantity of the air flowing through the air Gne. and a damper opening controller. 

The second specific embodiment of the heating system (furnace temperature control unit 120Z) is as shown in 
Rg.48 and comprises a temperature sensor installed within the semisolid metal coding furnace 120. a hot air line for 
supplying a hot air flow into the fumace. an air line that oonrtbines with the hot air line, an automatic damper ^istalled on 
the air line, and a damper opening contrdler that perfonns feedbad^ control on the damper opening on the t>asis of the 
data obtained t>y measurement with the temperature saisor. The evening of the automatic damper is contrdled on the 
t>asis of the data for the temperature in the fumace and the hot air is mixed with an appropriate amount of air and fed 
into the furnace, whereby the temperature and the velodty of the circulating hot air are controlled such that the mdten 
m^ will be coded at a desired rate. 

Examples 

An example of the Invention (as recited in daim 30) will now be described specifically with reference to accorrpa- 
nying drawings. The example was implemented by the same method as in Example 1 . except tfiat Fig.3 was replaced 
by Fig.54 and the top surface of the insulated vessd 30 (or 30A) was fitted with a heat insulating fid 42 (or a ceramics 
coated metallic lid 42A). Thus, Rgs,1 , 2, 54 and 4 - 7 concern Exanple 8. in which: Fig.1 is a diagram showing a proc- 
ess sequence for the senvsolid forming of a hypoeutectic aluminum alloy having a composition at or above a maximum 
solubility limit; Fig.2 is adtagram showing a process sequence for the semisdid forming of a magne^um or aluminum 
alloy having a composition within amaximum sdubility limit; Rg. 54 shows a process flow starting witii tiie generation 
of spherical primary crystals and ending with the molding step; Fig.4 shows diagrammaticaity tiie metallographic struc- 
tures obtained in the respective steps shown in Rg.54; Rg.5 is an equilibrium phase diagram for an Al-Si alloy as a typ- 
ical aluminum alloy system; Fig.6 is an equilibrium phase diagram for a Mg-AI alloy as a typical magnesium alloy 
system; Fig.7 is a diagrammatic representation of a micrograph showing the metallographic structure of a shaped part 
according to tiie invention; and Rg.8 is a diagrammatic representation of a miaograph showing the metallographic 
structure of a shaped according to the prior art 

The insulated vessd 30 for hddng the molten metal the temperature of which has dropped to just below the Tk)* 
uidus fine shall have a heat insulating effect in order to ensure that the primary aystate generated will sphaoidize and 
fiave the desired fraction fquid after the passage of a specified time. Problems, however, will occur In certain cases, 
such as where near-eutectic Al-Si alloys and others tiiat are prone to form skins are to be hdd. or where the molten 
metal is so heavy tiiat it has to t>e held in a semisolid condition for more tiian 1 0 minutes, or where the height to diam- 
eter ratio of the insulated vessel 30 exceeds 1 .2. Attiiough, there is no problem witii the internal microstructire of tiie 
mdten metal, a sdidified layer is prone to grow on the surface d tiie melt and can potentially cover tiie top of tfie sem- 
isdid metal, thus, making it difficult to insert tiie metal into the injection sleeve 40. To deal witii this situation, tiie top of 
the insulated vessd 30 is fitted witii the heat insulating lid 42 in order to ensure agabist sdidif ication from tiie surfoce 
of tiie molten metal which is t>eing heU witiiin the insulated vessd 30, theret>y enabfing the metal to be coded while 
providing unHbrmity in temperature throughout tiie metal. 
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The constituent material of the insulated vessel 30 and the heat-insulating lid 42 is in no way limited to metals and 
those which have a heat-retaining property and which yet wet with the melt only poorly are prefeaed. If a gas-permea- 
l)le ceramic vessel is to t>e used as the insulated vessel 30 and the heat-insulating lid 42 for holding magnesium alloys 
which are easy to oxidize and burn, the exteria to the vessel is preferably filled with a specified atmosphere (e. g. an 
inert or vacuum atmosphere). F=dr preventing oxidation, it is desired that Be or Ca is pr^minarily added to the molten 
metal. The shape of the insulated vessel 30 and the heat-insulating lid 42 is tiy no means limited to a tubular or cylin- 
drical form and any other shapes that are suitat^le for the subsequent forming process mayt>e adopted. The molten 
metal need not be poured into the insulated vessel 30 but it may opfonally be charged directly into the ceramic injection 
sleeve 40. 

Table 4 shows how the presence or absence of the heat insulating lid 42 affected the procedure of making shaped 
parts. Comparative Samples 1 9 - 22 re/ier to the case of holding the molten metal without the insulating fid. In Compar- 
ative Sample 1 9, the insulated vessel 30 held the melt of an alloy that was prone to tern a sWn and. hence, a solidif ied 
layer formed over the semisolid metal, making it impossible to recover the metal from the vessel 30. In Conpaiative 
Sample 20. it was attempted to have the semisolid metal inserted into the injection sleeve with the mokiing temperature 
lowered; in Conparative Sanple 22, the metal was undiiy heavy. 

Hence, in both cases, the hokfmg fime was protonged and the result was substantiaOy the same as with Conpara- 
tive Sample 1 shown in Table 1 . In Comparative Sample 21, the height-to-diameler ratio of the insulated vessel 30 was 
greater than 1 2 and. hence, the terrperature profie through the semisofid metal was so poor that the result was sub- 
stantially the same as with Comparative Sarrple 1 shown in Table 1. 

Inventton Samples 23 - 26 refer to the case of using the insulated vessel 30 fitted with the heat-insulating lid 42; 
they showed better results than Comparative Samples 19 - 22 in the recovery of the semisoiki metal. 
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Example 9 

An example of the invention (as recited in daim 31) will now be described with reference to accompanying Figs.3, 
4 and 55 - 58, in which: Fig. 55 is a diagram showing a process sequence for the sentisolid forming of a zinc afloy of a 
hypoeutectic composition; Fig S shows a process flow starting with the generation of Sfrfierical prwnary crystals and 
ending with the molding step; ng.4 shows diagrammaticaHy the metallographic structures obtained in the respective 
steps shown in Fig.3: Fig. 56 is an equilibrium phase diagram for a binary Zn-AI alloy as a typical zinc alloy system; 
Fig.57 is adiagrammalic representation of a mtcrograph showing the metallographic structure of a shaped part accord- 
ing to the invention; and Fig.58 is a diagrammatic representation of a micrograph showing the metallographic stnjcture 
of a shaped part according to the prior art. 

As shown in Figs.55 and 56. the first step of the process according to the invention comprises: 

(1) holding the melt of a hypoeutectic zinc alloy SMperheated to less than 30O°C above the liquidus temperature and 
contacting the melt with a surfece of a j1g at a bower temperature than Hs melting p<rint so as to generate crystal 
nuclei; or alternatively. 

(2) holding the melt of a zinc altoy superiieated to less than IWC above the liquidus temperature. 

The cooled moHen alloy prepared in (1) is poured into an insulated vessel having a heat insulating effect and, in the 
case of (2). the melt is directly poured Mo the Insulated vessel without being cooled with a jig. The melt Is held within 
the insulated vessel for a period from 5 seconds to 60 minutes at a temperature not higher than the liquidus temperature 
but higher than the eutectic or solidus tenperature, whereby a large nuni)er of fine spherical primary crystals are gen- 
erated in the alloy, which is then shaped at aspedfied fiquid fraction. 

The term "a specified fraction fiquid" means a relative proportion of the Ikjuid phase which is suitable for pressure 
forming. In high-pressure casting operations such as die casting and squeeze casting, the fraction liquid ranges from 
20 % to 90 %, preferably from 30 % to 70 %. If the fraction liquid is less than 30 %. the fbrmability of the raw material is 
poor; alx>ve 70 %. the raw material is so soft that it is not only difficult to handle but also less likely to produce a homo- 
geneous micro-structore. In extruding and forging operations, the fraction Cqu'd ranges from 0.1 % to 70 %. preferably 
from 0. 1 % to 50 %, l^eyond whidi an inhomogeneous structure can potentially occur. 

The Insulated vessel" as used In the invention is a metallic or nonmetallic vessel, or a metallic vessel having a sur- 
face coated with a nonmetalfic material or a semiconductor, or a metalfic vessel compounded of a nonmetallic material 
or semiconductor, which vessels are adapted to be either heatat^e or coolaWe from either inside or outside. 

The specific procedure of semisolid metal forming to be ecfomied in Example 9 is essentially the same as 
desaibed in Example 1. 

The casting, spheroidizing and molding conditions that are respectively set for the steps shown in Fig.3, namely, 
the step of pouring the molten metal on to the cooling jig 20. the step of generating and spheroidizing primary crystals 
and the forming step are the same as set forth in Example 1 . The crificarity of the numerical limitations set forth m daims 
2and 9 is also the same as set forth in Example 1 . 

It should be noted here that zinc allo^ are prone to form equiaxed crystals and. hence, provide comparative ease 
inproducing fine spherical primary crystals without using the cooling jig 20. With such zinc alloys, the degree of super- 
heating is adjusted to less than 100 ""C above the liquidus line in order to ensure that the alloy poured into the insulated 
vessel 30 having a heat-insulating effect is rendered either liquid to have aystal nudei or partially sofid. partially liquid 
to have crystal nudei at a temperature equal to or higher than the mdding temperature. If the temperature of the melt 
as poured into the insulated vessel 30 is unduly high, the aystal nudei once generated will dissolve again or coarse 
primary crystals will form and. in eitha^ case, it is impossible to produce the desired semisoKd ^mcture. In addition, so 
much time will be taten for the temperature of the melt to decrease to estabOsh a specified fraction fic^iid that the oper- 
ating effidency becomes low. Anoth«^ inconvenience is that the poured melt M is oxidized or burnt at the surfoce. 

Table 5 shows the conditions of various samples of semisolid metal to be shaped, as well as the qualities of shaped 
parts. As shown in Rg. 3, the shaping operation consisted of inserting the semisolid metal into an injection 
sleeve and subsequent forming on a squeeze casting machine. The forming conditions w^e as follows: pressure. 950 
kgf/^cm^ ; injection speed. 1.0 m^; moki temperature, 200 ""C.The product shaped parts were flat plates 100 mm wide 
and 200 mm fong. with the thickness varying at 2 mm, 5 mm and 10 mm in tiie fongitudinal direction. 
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In Comparative Sample 9, the temperature of ^ 20 with which the melt M was contacted was so high that the 
number of crystal nuclei generated was insufficient to produce fine spherical primary crystals; instead, coarse unspher- 
ical primary crystals fc>rmed. In Comparative Sample 10. the casting temperature was so high that very few crystal 
nuclei remained within the ceramic vessel 30. yielding the same result as with Comparative Sanple 9. In Conparative 



36 



EP0745 694A1 

Sample 11 . the holding time was so long that the fraction liquid in the metal to be shaped was low, yielding a shaped 
part of poor appearance, in addition, the size of primary cr^tais was undesirably larga In Comparative Sample 1 2. the 
holding time within the ceramic vessel 30 was short whereas the fraction liquid in the metal to be shaped was high; 
hence, many segregations of conponents occun-ed within the shaped part as shown in Rg.58. With Comparative Sam- 
5 pie 13. the insulated vessel 30 was a metallic container having a very small heat insulating effect, so the dendritic solid- 
ified layer forming on the inner surface of the vessel 30 would enter the sphericar primary aystals generated in the 
central part of the vessel, yielding an inhomogeneous structure involving segregations. 

In each of Invention Samples 1 - 8. a honfK)geneous microstructure comprising fine {< 200 n m) spherical primary 
crystal was obtained to enable the production of a shaped part having good appearance. 

10 

Example 10 

An example of the invention (as recited in dalm 32) will now be described with reference to accompanying Figs.59 
- 64. in which: Fig, 59 is a diagram showing a processsequence for the semisolid forming of a hypereutectic Al-Si alloy 

IS starting with the proration of a semisolid metal and ending with the molding step: fMg.60 is a diagram showing a proc- 
ess flow starting with the generation of very fine primary Si crystals and ending witii the molding step; Fig.61 shows 
diagrammaticalty the metallograi^ic structures obtained in the respective steps shown in Fig.60; Fig.62 is an equilib- 
rium phase diagram for a binary Al-Si alloy; Fig. 63 is a diagrammatic representation of a n^crograph showing the met- 
aOographic structure of a shaped part according to tiie invention; and Fig.64 is a diagrammatic representation of a 

20 micrograph showing the metallographic structure of a shaped part according to the prior art 

As shown in Figs.59 and 62. tiie process of tiie invention starts superheating the melt of a hypereutectic Al-Si 
alloy to less than 3Q(yC above tiie liquidus line. The thus superheated alloy is contacted with a jig at lower tempera- 
turetiian its melting point so as to generate crystal nuclei wltiiin tiie alloy solution; the alloy is then cooled in an insulated 
vessel until a specified fraction liquid is estabfished. with it being held either at a temperature between the liquidus and 

25 eutectic temperatures or at the eutectic temperature for a period from 5 seconds to 60 minutes/thereby generating a 
large number of fine primary crystals. The f^pereutectic Al-Si alloy permits only a small amount of primary crystals to 
be crystallized and, hence, it has high fraction Fiquid In a semisolid condition at temperatures exceeding tiie eutectic 
point Therefore, if tiie desired fraction liquid is low, the allc^ which has t>een heated to its eutectic temperature has to 
be held at that tenperature for a suffident time to allow for the progress of solidification (eutectic reaction). 

30 Accon£ng to the invention, semisofid metal forming will proceed by the following spedftc procedure. In step (1) of 
the process shown in Figs. 60 and 61 . a complete liquid form of metal M is contained in a ladle 1 0. In step (2), the met- 
alis cooled with a jig 20 to generate crystal nuclei and the melt is tfien poured into a ceramic vessel 30 (or ceranvcs- 
coated vessel 30A) having a heat insulating effect so as to produce an alloy having a large number of crystal nuclei 
which is of a composition just below tiie liquidus line. In subsequent step (3). the alloy is held partially molten within the 

35 insulated vessel 30 (or 30A). In the meantime, very4ine primary Si crystals result from tiie introduced crystal nuclei 
[step (3)-a] and grow into granules togetiier with the sunrouncfing primary a as tiie fraction soFid increases. 

Metal M tiius obtained at a specified fraction liquid maybe inserted into a die casting injection sleeve 40 [step (3)- 
b] and thereafter pressure formed with'm a mold cavity 50a in a die casting machine to produce a shaped part (st^ (4)]. 
The semisolid metal forming process of tiie invention shown in Rgs. 59, 60 and 61 has obvious differences from 

40 tiie conventional thixocasting and rheocasting metiiods. In tiie invention method, the primary crystals that have been 
crystallized within a temperature range for the senrusolid state are not ground into spherical grains by mechanical or 
electromagnetic agitation as in tiie prior art but tiie l^ge number of primary crystals that have been crystallized and 
grown from the introduced crystal nuclei with the decreasing temperature In the range for the semisolid state and with 
the lapse of the time of holding at tiie eutectic point are continuously rendered granular by the heat of the afloy itself 

45 (which may optionally be supplied witii external heat and held at a desired temperature). In addition, the semisolid metal 
forming metiiod of the invention is very convenient since it does not involve the step of partially melting billels by reheat- 
ing in the thixocasting process. 

The casting, spheroidizing and molding conditions that are respectively set for the steps shown in Fig.59. namely, 
the step d pouring the molten metal on to the cooling pg 20 and the step of generating an^ 

so tais. are set fortii below more specifically. Also discussed below is the criticality of the rnimerical limitations set forth in 
daim 32. 

If tiie casting tenperature is at least 300 ""C higher than the melting point or if tiie sur^ temperature of jig 20 is 
not lower than the melting point the following phenomena will occur: 

55 (1 ) only a few aystal nuclei are generated; 

(2) the temperature of the melt M as poured into the insulated vessel having a heat insulating effect is higher Uian 
tfie liqukkis temperature and. hence, the proportion of the remaining crystal nuclei is low enough to produce large 
primary aystals. 
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To avoid these problems, the casting tempemture to be empk^ed in the invention is controlled to be such that the 
degree of superheating above the liqiidus ine is less than 300 ''C whereas the surface tenperature of j1g 20 is control* 
led to be lower than the melting point of alloy M. Primary crystals of an even finer size can be produced t>yensurk)gtiiat 
the degree of superheating above the fiquidus ine is less than 1 00 ""C and by acfusting the surface temperature of jig 
20 to be at least SO ^'C lower ttian the melting pdm of alloy M. K should, howw 

a refiner of primary Si crystals, the molten metal should be superheated to at least 30 ''C above the Oquidus line; if the 
temperature of the melt is unduly low, the grams of AlP serving as a refiner will agglomerate to become no longer effec* 
tive. 

In order to ensure that the alloy solution at a spedf ted fraction liquid will form a moc£fied eutectic sti^jcture after 
solidification, thereby providing satisfactory mechanical properties, either Sr or Ma or botti are added. If the P addition 
is less than 0.005%, it is not very effective in rolling the primary Si crystals: ttie effect of Pis saturated at 0.03% and 
no further improvement is expected beyond 0.03 %. Hence, ttie P addition is controlled to lie between 0.005 % and 0.03 
%. If ttie Sr addition is less ttian 0.(K)5 %. it is not very effective in modifying the eutectic Si structures; beyond 0.03 %, 
an AI-Si*Sr compound will crystalize out to cause deterioration in ttie mechanical properties of the aNpy. Hence, ttie Sr 
addition is controlled to lie between 0.005 % and 0.03%. ff ttie Ma addition is less ttian 0.001 %. it Is not very effective 
in modifying ttie eutectic Si sti-uctures; k>eyond 0.01 %. coarse eutectic Si grains will forra Hence, tiie Na addtion is con- 
trolled to lie between 0.001 % and 0.01 % 

Table 6 sets forth the conditions for the preparation of semisolid metal sanples and ttie results of evaluation of their 
metallographic structi^es by microscopic examination. 
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In Comparative Sanple 7. the temperature of jig 20 with which ^e melt M was contacted was so h^h that the 
numiser of crystal nudei generated was insufficient to produce fine primary crystals: instead, coarse primary crystals 
formed. In Comparative Sample 8. the casting temperature was so high that very few crystal nuclei remained within the 
ceramic vessel 30. yielding the same result as with Comparative Sample 7. In Comparative Sample 9. the holding time 
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was so long that the fraction liquid in the metal to be shaped was low, making the alloy unsuitable for shaping. In addi* 
tion. the size of primary crystals was unde^rabiy large. In Comparative Sample 10, the holding time wHhtn the ceramic 
vessel 30 was short whereas the fraction liquid in the metal to be shaped was high; hence, many segregations of com- 
ponents occun-ed within the shaped part. In Comparative Sample 1 1 , solidification occunred within the insulated vessel 
and many coarse primary crystals were generated in the form of a rectangular rod (see Fig. 64). 

In each of Invention Samples 1 • 6. there was ot>tained a homogeneous micfx>structure having fine (< ca. 150}im) 
granular primary crystals that were adapted for pressure forming. 

Example 11 

An example of the invention (as redted in claim 33) vinll now be described in detail with reference to Rgs.1 . 3. 4 and 
65 - 67, in which: Rg.1 is a diagram showing a process sequence for the semisolid forming of an Al-Mg alloy; Fig.3 
sfiows a process flow starting with the generation of granular primary crystals and ending with the molding step; Fig.4 
shows diagrammatically the metailogrphtc structures ot>tained in tiie respective steps shown in Rg.3; Fig.65 is an equi- 
librium phase diagram for a binary Al-Mg alloy; Rg.66 is a diagrammatic representation of a micrograph showing the 
melaUographic structure of a shaped part according to tfie invention; and Fig.67 is a diagammatic representation of a 
rvvcrograph showing ttie metaOographic structure of a shaped part according to the prior art 

As shown in Rgs.1 and 65, the invention recited In daim 33 is such that: 

(1) the melt of an Al-Mg alloy held SMperheated to less than 300*'C above the liquidus fine is contacted with a |g at 
a lower temperature than its melting point, thereby generating crystal nuclei in tiie alloy solution, and the molten 
metal is poured into an insulated vessel having a heat insulating effect; or 

(2) the melt of an Ai-Mg alloy that contains an element to promote ttie generation of crystal nuclei and that is held 
superheated to less ttian lOO^'C above the liquidus temperature is directiy poured mto the insulated vessel wittiout 
ooofing the melt witii a jig. 

The poured metal is held within tiie insulated vessel at a temperature not higher than the lic^idus terrperature but 
higher than ttie eutectic or soOdus temperature for a period from 5 seconds to 60 nidnutes until a specified liquid frac- 
tionis established, whereby a targe number of fme granular primary crystals are generated to produce a semisolid Al- 
Mg alloy at ttie specified fraction liquid. 

Ihe specific procedure of semisolid metal forming to be performed in Example 11 is essentially the same as 
described in ExaiTv^ 1. 

Sil'icon (Si) is added in order to promote the spheroidization of the generated granular primary aystals. if the Si 
addition is less than 0.3 %. the intended effect in promoting the spheroidization is not expected; adding more than 2.5 
% of Si will merely result in deteriorated properties of the alloy and no furttier inprovement in spheroidization is 
expected. H&ice, the Si addition is controlled to fie betweenO.3 % and 2.5 %. 

It should be noted ttiat ttie Al-Mg allc^ of the invention may incorporate up to 1 % of Mn or up to 0.5 % of Cu witti 
a view to improving its strength. 

Table 7 sets fdrtti the conditions for ttie preparation of semisorid metal samples and ttie results of evaluation of their 
metaltorgraphfo sfructures by miaoscopic examination. 
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In Comparative Sample 9. the t&nperature of jig 20 with which the meK M was contacted was so high that the 
number of crystal nucl^' generated was insufficient to produce fine primary crystals; Instead, coarse primary crystals 
formed. In Comparative Sanple 10. the casting temperature was so high that very few crystal nuclei remained witiiin 
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the ceramic vessel 30. yielding the same result as with Corrparative Sample 9. In Comparative Sanple 11 . the holding 
time was so long that the firacfion liquid in the metal to be shaped was low. maKmg the alloy unsuitat)le for shaping. In 
addition, ttie size of primary crystals was undesirably large. In Ckwnparative Sample 12. the holding time within the 
ceranvc vessel 30 was short whereas the fraction liquid in the metal to be shaped was high; hence, only coarse pnmary 
crystals formed. In adcfitioa the high fraction liqiid caused many segregations of components within the shaped part 
in Comparative Sample 13. the hot molten metal was directly poured into the insulated vessel. %vhere it was soidified 
as such. yieUng coarse, dendritic primary crystals (see Rg. 67). 

In each of Invention Sanple 1 - 8, there was obtained a homogeneous miaostructure having fine (< ca. 100 pm) 
granular primary crystals that were adapted for pressure forming. 

Example 12 

An example of the invention (as recited in claims 34 - 35) will now be described in detail with reference to accom- 
panying Figs.1, 2. 68 and 4 - 8, in which: Fig.1 is a diagram showing a process for the semisolid forming of a hypoeu- 
tectic aluminum alloy having a composition at or above a maximum solubility limit; Fig.2 is a diagram showing a process 
sequence for the senfusdid forming of a magnesium or aluminum alloy having a composition within a maximum solubil- 
ity limit; Fig.68 shows a process flow starting with tfie generati(xi of spherical primary aystals and ending with the mow- 
ing step; Fig.4 shows diagrammatically the n^lographic structures obtained in the respective steps shown in Fig.68; 
Fig.5 is an equilbrium phase diagram for an Al-Si alloy as a typical aluminum alloy system; Fig.6 is an equilibrium phase 
diagram for a Mg-Ai alloy as a typical magnesium alloy system; Fig.7 is a diagrammatic representation of a micrograph 
showing the metallographic structure of a shaped part according to the invention; and Rg.8 is a diagrammatic repre- 
sentation of a micrograph showing the metallographic structure of a shaped part according to the prior art. 

As shown in Rgs.1. 2. 5 and 6, the invention recited in claims 34 and 35 comprises the Idlowing: the melt of a 
hypoeutectic alimiinum alloy having a conrposition at or above a maximum solubility limit or the melt of a magnesium or 
aluminum alloy having a composition within a maxirmjm solubility limit is held superheated to less tiian 300 ^C above 
the liqindus temperature; eitiier melt is contacted with a surface of a jig at a lower temperature than its melting point, 
thereby generating crystal nuclei in the alloy solution; the vne» is then poured into an insulated vessel having a heat 
insulattfig effect in which vessel the melt is held at a temperature not higher than the liquidus line but higher than the 
eutectic or solidus temperature for a period from 5 seconds to 60 minutes, whereby a large number of fine spherical 
primary crystals are generated in the melt, which is subsequentiy shaped at a specified fraction \\qM. 

The ^'^pedf led fraction fiquid" ranges from 0.1 % to 70 %. preferably from 1 0 % to 70 %. 

The temi "insulated vessel" as used herein refera to either a metallic or nonmetallic vessel or a metalfic vessel 
either conposited or coated with a nonmetallic material, which vessels are adapted to be beatable or codable from 
either in^e or outside. 

According to the invention, semisolid metal forrra'ng will proceed by the following specific procedure. In step (1) of 
the process shown in Figs.68 and 4. a complete liquid form of metal M is contained in a ladle 10. In step (2). the metal 
is cooled with a jig 20 to generate crystal nudei from tiie low-temperature melt (which may optionally contain an ele- 
ment tiiat is added to promote the generation of crystal nudeQ and the metal is then poured into a ceramic vessel 30 
having a heat insulating effect thereby producing an alloy of a conposition just below the Fiquidus line which has a large 
number of crystal nuclei. In subsequent step (3). the alloy is held partially molten within the insulated vessel 30 (or 30A), 
In the meantime, fine ^anuiar (nondendritic) primary crystals result from the introduced aystal nuclei [st^ (3)-a] and 
grow into spherical primary crystals as tiie fraction solid increases witti the deaeasing temperature of the melt [steps 
(3)-b and (3)-c] . Metal M thus obtained which has a specified fraction liquid is inserted into container 82 on an extruding 
machine 80 and extruded tiirough a die 84 by pushing with a stem 86 under high pressure, yielding a shaped part P. 

After the generation of the aystal nuclei, the semisolid metal M in the insulated vessel 30 maybe inserted into the 
container 82 on the exiruding machine 80 ty accommodating it into tfie container 82 in such a way that the part of it 
which faces the bottom of the insulated vessel 30 and which has a comparatively small portion of the irrpurities is 
directed toward tiie die 84; upon extrusion ttrough ttie die. one can obtain a shaped part of high quality which has only 
a smafl impurity content Alternatively, the surface (top surface) of the semisolid metal M may be freed of tiie oxide 
before it is recovered from the insulated vessel 30 and the thus cleaned semisofid metal is charged into the cont^ner 
82 on the extruding machine 80. 

The semisofid metal forming process of tiie invention shown in Figs.!, 2. 68 and 4 have obvious differences from 
the conventional tiii)a>casting and rheocasting methods. 

The casting, spheroidizing and molding conditions that are respectively set for tiie steps shown in Rg. 68. namely, 
the step of pouring tiie molten metal on to tiie cooling jig 20,tiie step of generating and spheroidizing primary crystals 
arxJ ttie fomiing step are ttie same as set fortti in Exanple 1 . 

Table 8 sets fbrtti ttie concfitions for the preparation of semisolid metal samples and the qualities of shaped parts. 
As Fig. 68 shows, the forming step consisted of inserting ttie semisolid metal into ttie container and extaiding ttie same. 
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The extruding conditions were as follows: extruding machine. 800 1; extruding rate. 80 m/min; billet dtameter,75 mm; 
exirustion ratio. 20. 

In Comparative Sample 1. the temperature of jig 20 with which the melt M was contacted was so high that the 
numt>er of crystal nuclei generated was insufficient to produce fine spherical primary crystals; instead, coarse unspher- 
5 ical primary crystals formiad as shown in Fig.7. 

In Comparative Sample 2. the casting temperature was so high that very few crystal nudel remained within the 
ceramic vessel 30. yielding the same result as with Comparative Sample 1 . 

In Comparative Sample 3, the holding time was so long that the fraction WqjM in the metal to be shaped was low. 
yielding a shaped part of poor appearance. In addition, the dze of primary crystals was undesirably large. 
10 In Comparative Sample 4. the holding time within the ceramic vessel 30 was short whereas the fraction liquid in the 
m^ to be shaped was high; hence, only dendritic primary crystals formed. In addition, the high fraction fiquid caused 
many segregations d components within the shaped pari 

With Comparative Sample 5 the Insulated vessel 30 was a metallic container having a small heat insulating effect, 
so the dendritic solidified layer forming on the inner surface of the vessel 30 would enter the spherical primary crystals 
IS generated in the central part of the vessel, yielding an inhomogeneous structure involving segregations. 
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In Comparative Sanple 6. the fraction liquid in the metal to be shaped was so high that result was the same as with 
Comparative Sample 4. 

With Comparative Sample 7, the jig 20 was not used; the starting alloy did not contain any grain refiners, so the 
numt>er of crystal nuclei generated was small enough to yield the same result as with Comparative Sample 1 . 
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In each of iiwention Samples 8 - 18. a homogeneous microstructure comprising fine (< 150 jim) spherical primary 
crystals was obtained to enable the production of a shaped part having good appearance. 

Example 13 

An example of the invention (as recited in claims 36 and 37) win now be described in detail with reference to accom- 
panying Figa69 - 73. in which Fig. 69 shows two process sequences (or the semisofid forming of a hypoeutectic alumi* 
num alloy; Fig.70 shows a process flow starting with the generation of spherical primary crystals and ending with the 
molcfing step; Fig.71 shows diagrammatically the metallographic structures obtained in the respective steps shown in 
Fig.70; Ftg.72 is a diagrammatic representation of a micrograph showing the metallographic structure of a shaped part 
acconding to the invention; and Ffg.73 is a diagrammatic representation of a micrograph showing the metallographic 
structure of a shaped part according to the prior art. 

The invention concerns a process which starts with either one of the following steps: 

(1) two or more liquid alloys having different melting points that are held superheated to less than 50^0 above the 
fiquidus temperature are mixed either directly within an insulated vessel having a heat insulating effect or along a 
trough in a channel into the insulated vessel, thereby generating crystal nuclei in the alloy solution (see Fig.69); or 

(2) two or more metals to be mixed are preliminarily contacted with respective cooling plates so as to generate crys- 
tal nudei and the metals that have attained temperatures just above or below the liquidus temperature are m'o^ 
either (jPrectty within an insulated vessel having a heat insulating effect or along a trough in a channel into the insu- 
lated vessel, thereby generating more crystal nuclei (see Rg.70). 

Either of the metals thus obtained is held within the insulated vessel for a period from 5 seconds to 60 minutes as 
it IS cooled to a molding temperature where a specified fraction liquid is established, whereby the fine grains that have 
formed within the alloy solution are cryslalGzed out as no dendrites, and the metal is then fed into a mold, where it is 
subjected to pressure forming. 

The *^specffied fraction riquid" and the "insulated vessel " have the same meanings as deHned in Example 1 . 

According to the invention. semisoTid metal forming will proceed by ttie following specific procedure In step (1) of 
the process shown in Figs.70 and 71 . two complete liquid forms of metals MA and MB are contained in ladles 10 and 
poured into a ceramic container 30 (or oeranvc-coated metal containef30 A) which is an insulated vessel having a heat 
insulating effect As a result, an alloy having a large number of crystal nuclei is obtained at a temperature either just 
below or above the liquidus line. Molten metals MA and MB may be poured either simultaneously or successively with 
one coming after the other. Alternatively, molten m^als MA and MB may be poured hto partitioned conpartments m 
the insulated vessel 30 and the partition is removed afl of a sudden so as to achieve mutual contact between the two 
metals. If desired, either molten metal MA a MB or both may be preliminarily contacted with a cooling jig 20 so as to 
have a number of crystal nuclei generated in the metal or metals and this is effective for the purpose of producbig a 
large numt)er of crystals [step (1 A) in Fig.70]. 

In subsequent step (2), the alio/ mixture MC is held partiaHy molten within the insulated vessel 30. In the meantime, 
extremely fine primary crystals result from the introduced crystal nuclei [step (2)-a] and grow into spherical primary 
crystals as the fraction solid increases with the decreasing temperature of the alloy mixture MC [st^ (2)-b and (2)-c]. 
Altoy mixture MC thus obtained at a specified fraction liquid is kiserted into an ir^'ection sleeve 40 [step (2)<q and, there- 
after, pressure formed within a mold cavity 50a on a die casting machine to produce a shaped part [step (3)]. 

The semisolid metal forming process of the invention shown in Figs.69, 70 and 71 has obvious differences from the 
conventional thixocasting and rheocasting methods. 

The casting, spheroidizing and nxilding conditions that are respectively set for the steps shown in Rg.69, namely, 
the step of pouring the molten metal on to the cooling jig 20.the step of generating and spheroidizing primary crystals 
and the forming step, are set forth below. Also discussed below is the critica% of the numerical Imlations s^ forth in 
claims 36 and 37. 

ff the molten (liquid) metals MA and MB to be mixed have been superheated to more than 50<*C above the riquidus 
temperature, the tanperature of either metal just after the mixing will neitiier l>e just above or be\w tiie liquidus tem- 
perature of the alloy mixture MC to be eventually formed. If the mixed metals are held within the insulated vessel 30. 
amicrostructure consisting of coarse dendrites wifl form rather tfian a structure of unHbnn, near-spherical nondendritic 
crystals. To avoid these problems, the temperatures of. molten (liquid) metals MA and MB to be ntixed need be super- 
heated to no more than 50 ^C above the liquidus temperature The "temperature either just above or below the liquidus 
temperature of the metal mixture to be eventually formed" means a temperature within the liquidi^ temperature ±15'C. 
The liquid metals to be mixed shall include alk^. The insulated vessel 30 for holoGng.the metals the tenrperature of 
which have dropped to be within the deTmed range alter the mixing shall have a heat insulating effect in order to ensure 
that the crystal nudei generated will grow mto nondendritic (near-spherical) primary crystals and have the desired frac- 
tion liquid after a specified time. The constituent material of the insulated vessel is in no way limited to metals and those 
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which have a heat-retaining property and which yet wet with the melt only poorly are preferred. If a gas-permeable 
ceramic container is to be used as the insulated vessel 30 for holding magnesium alloys which are prone to oxidize and 
burn, the exterior to the vessel is preferably filled with a specified atmosphere (e. g. an inert or vacuum atmosphere). 

If the holding time within the insulated vessel is less than 5 seconds, it is not easy to attain the temperature for the 
desired fraction liquid and it is also difficult to generate spherical primary crystals. What is more, semisolid metals of a 
unifam temperature profile cannot be attained. If the holding time exceeds 60 minutes, coarse spherical primary crys- 
tals will be generated. 

It should also be mentioned that if the fraction liquid in the alloy which is about to be shaped by high-pressure cast- 
ing Is less than 20 %, the resistance to deformation during the shapng ^ so high that it is not easy to produce shaped 
parts of good quality If the fraction liquid exceeds 90 %, shaped parts having a homogeneous structure cannot be 
obtained. Therefore, as already mentioned, the fraction liquid in tiie alloy to be shaped is preferably controlled to lie 
between 20 % and 90 %. More preferably, the fraction fiquid should be adjusted to range between 30 % and 70 % in 
order to ensure that shaped parts of high quality can easily be produced ty pressure forming. The means of pressure 
forming are in no way limited to high-pressure casting processes typified by squeeze casting and die casting and vari- 
ous other method of pressure forming may be adopted, such as extruding and casting operations. 

By mixing two or more aluminum alloys having different fiquidus temperature and holding the mixlure within the 
insulated vessel 30. one can produce a semisolid metal of a fine spherical structure. If it is desired to generate more 
crystal nuclei so as to yield uniform and more fine-grained spherical structure in aluminum alloys, Fi and B may t>e 
added to the alloys. If the Ti content of the alloy mixture is less than 0.003 %. the intended refining effect of Ti is not 
attained; beyond 0.30 %. a coarse Ti compound will form to cause deterioration in ductility Hence, the Ti addition is 
controlled to fie t>etween 0.003 % and 0.30 %. Boron (B) in the mixed metal MC cooperates with Tt to promote the rain- 
ing of crystal grains but its refining effect is small if tiie addition is less than 0.0005 %; on tiie other hand, the effect of 
B is saturated at 0.01 % and no further improvement is expected beyond 0.01 %. Hence, the B addition is controlled to 
lie between 0.0005 % and 0.01 %. 

The constituent material of the jig 20 having the cooling zone with which the molten metate MA arxJ MB are to t)e 
contacted before they are mjoBd is not limited to any particular types as long as it is capable of lowering tiie tenpera- 
tures of the melts. A fig tiiat is made of a highly heat-conductive metal such as copper, a copper alloy, aluminum or an 
aluminum alloy and which Is controlled to provide a cooling effect for maintaining temperatures below a specified level 
is particularly preferred since it allows for the generation of many crystal nuclei. In order to ensure tiiat the temperatures 
of the molten metals MA and MB which have been contacted witii the cooling jig 20 are either just above or t)elow the 
respective fiquidus fines, tiie molten alloys held sMpertieated to less tiian 300^*0 above the solidus temperaturesare 
desirably contacted witii a surface of the jig at a lower temperature than the melting points of said alloys. Preferably, the 
degree of superheating above the fiquidus temperatures lie less than lOO^'C, more preferably less ttian 50^C. 

Table 9 sets forth tiie conditions for the preparation of semisolid samples and the qualities of shaped parts. As 
shown in Fig.70. the shaping operation consisted of Inserting the semisofid metal into an injection sleeve and sutise- 
quent forming on a squeeze casting machine. The forming conditions were as follows: pressure, 950 kgf^cm^ ; injection 
speed. 1 .5m/s; mold cavity dimensions, 100 x 150 x 10; motel temperature. 230 ""C. 

In Comparative Sanple 9, ttie holding time was so long tiiat undesirably large primary crystals formed. In Compar- 
ative Sample 10, the temperatures of tiie alloys to be mixed were high and so was tiie temperature of the resulting mix- 
ture; hence, the number of tiie crystal nuclei generated was small enough to produce only dendritic primary aystais. In 
Comparative Sample 1 1 . tiie holding time was short whereas the liquid fraction in the aUoy mixture was high and this 
caused extensive segregations in the interior of tiie sharped part 
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In each of Invention Sanples 1 - 8. a homogeneous miaostructure comprising fine (< 150 pm) spherical primary 
crystals was obtained to enatHe the procJuclion of a shaped part having no internal segregations. 
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Example 14 

This is an Exanple of the invention as recited in clai^ 
pie 1 . except that at the end of the step of hold»ig the alloy partially molten within the insulated vessel 30 (a 30A), an 
oxide W forming on the semtsofid mefal was removed by means of a metallic or nonmetallic jig [step (3>-c in Fig,74]. 

As also shown in Fig.74. the shaping operation consisted of inserting the semisolid metal into an injection sleeve 
and siA>sec|uent forming on a squeeze casting machine. The farning conditions were as follows: pressure. 950 f^crn^ 
; injection speed. 1.5 mfe; mold cavity dimensfons. 100 x 150 x 10; mold tenperature. 230**C. 

Table 10 shows how the quality of shaped parts was affected by the presence or absence of the oxide. Obviously. 
Invention Samples 23 - 26 had better results than Comparative Sanrples 21 and 22, 
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Claims 

1 . A method of shaping a semisolid metat. in which a liquid alloy having crystal nuclei at a temperature not lower than 
the Hquidus temperature or a partially sofid, partially liquid alloy having crystal nuclei at a temperature not lower 
than a molding temperature is fed into an insulated vessel having a heat insulating effect, held In said insulated ves- 
sel for a period from 5 seconds to 60 minutes as it is cooled to the molding temperature where a specified fraction 
liquid is estatslished. thereby crystallizing fine primary crystals in the alloy solution, and the alloy is fed into a form- 
ing mold, where it is shaped under pressure 

2. A method according to daim 1 « wherein the crystal nuclei are generated by contacting the molten alloy with a sur- 
face of a jlg at a temperature lower than the melting point of said alloy which has bem held superheated to less 
than 30O''C above the Tquidus ternperature. 

3. A method according to daim 2. wherdn the jig with which the melt is to be contacted is a metallic or nonmetallic pg. 
or a metallic fig having a surface coated with a nonmetaBic material or semiconductor, or a metalGc jig composited 
with a nonmetalGc material or semiconductor, with said jig being adapted to be coolable from either inside or out- 
side. 

4. A method according to daim 1 or 2, wherein the crystal nudei are generated by applying vibrations to the molten 
metal in contact with either the jig or the insulated vessel or both. 

5. A nriethod according to daim 1 or 2. wherein the alloy is an aluminum alloy of a composition within a maximum sol- 
ut)iiity limit or a hypoeutectic aluminum alloy of a compositiai at or above a m£udmum solubility limit 

6. A method according to daim 1 or 2, wherein the alloy is a mangesium alloy of a composition within a maximum sol- 
uk)ility limit 

7. A method according to daim 5, wherein the atominum aflpy has 0.001% - 0.01% B and 0.00S% - 0.3% Tl added 
thereto 

8. A method according to daim 6. wherein the magnesium alloy has 0.005% - 0. 1% Sr added thereto, or 0.01% - 1 .5% 
SI and 0.005% - 0.1% Sr added thereta or 0.05% - 0.30% Ca added thereto. 

9. A method according to claim 7, wherein a molten aluminum alloy held superheated less than lOO^C above the liq- 
ukfus temperature is directly poured into the insulated vessel without using a jig. 

10. A method according to daim 8. wherein a molten magnesium alloy held superheated to less than 100°C above the 
fiquidus temperatun-e is directly poured Into the insulated vessel without using a jig. 

11. A method of shaping a semisolid metal, in which fiquid alloy having crystal nudei that has been superheated by a 
degree pc ""C) of less than lO^'C above the liquidus line is held in an insulated vessel for a period from 5 seconds 
to 60 minutes as it is cooled to a molding temperatore where a specified fraction liquid is established, such that the 
cooling from the irvtial temperature at which said alloy is held in said insulated vessel to its liquidus temperature is 
completed within a time shorter than the time Y (in minutes) calculated by the relation Y=10-X and that the period 
of cooling from said initial temperature to a temperature S^'C lower than said fiquidus temperature is not longer than 
15 minutes, whereby fine primary crystals are crystallized ki the alloy solution, which is then fed into a forming 
mold, wfiere it Is shaped under pressure. 

12. A method of shaping a semisdid metal, in which a partially sdid, partially liquid alloy having crystal nudei at a tem- 
perature not low^ than a molding temperature is held within an insulated vessel for a period from 5 seconds to 60 
minutes as it is cooled to the molding temperature where a specified fraction liquid is estabTished, such that the 
period of cooling from the initial temperature at which said alloy is held in said insulated vessel to a temperature 
S^'C lower than its fiquidus temperature is not longer than 15 mimites. whereby fine primary crystals are crystallized 
in the alloy solution, which is then fed into a fonriing mold, where it ^ shaped under pressure 

13. A method according to daim 1 1 or 12. wherein the aystal nuclei are generated by holding the mdten alloy super- 
heated to less than 300**C atx)ve the fiquidus temperature and oorrtacting the melt with a suriiace of a jig at a lower 
temperature than its melting point 
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An apparatus for producing a semisolid fornvng metal having fine primary crystals dispersed in a liquid phase 
which comprises a nucleus generating section that causes a molten metal to contact a cooling jig to generate crys- 
tal nude in the solution and a aystai generating section having an insulated vessel in which the metal olitained in 
said nucleus generating section is held as It is cooled to a molding tenperature at which said metal is partially solid, 
partially liquid. 



15- An apparatus according to daim 14. wherein the cooling jig in the nudeus generating section is either an inclined 
flat plate that has an internal channel for a cooling medium and that has a pair of w» 
paraOet to the flow of the melt, or a cylindrical a semicyGndrical tut>e 

16. A method of shaping a semisolid metal, in which a liquid alloy having crystal nudei at a tenperature not lower than 
the fiquidus temperature or a partially sdid. parttaVy liquid alloy having crystal nudei at a tenperature not lower 
than a mokftng tempeature is poured into a vessel so that it is cooled to a tenperature at wNch a fraction soTid 
appropriate for shaping is estal)lish€d, said vessel l>eing adapted to be heatable a coolable from either inside or 
outside, being made of a material having a themial conductivity of at least 1 .0 kcal/hr • m • (at room tenperatore) 
and being held at a temperature not higher than the liquidus temperature of saki alloy prior to its pouring, and in 
which said alloy is poured into said vessel in such a manner that ftie. nondendritic primary crystals are crystallized 
in said alloy solution and that said alloy is cooled rapidly enough to be provided with a uniform tenperature profile 
m said vessel, and said alloy, after being coded, is fed into a forming mold, where K Is shaped under pressure. 

17. A method according to dalm 16. wherein the step of cooOng said alloy is performed with the top and bottom por- 
tions of the vessel being heated by a greater degree than the ntiddle portion or heat-retained with a heat-retaining 
material having a themial conductivity of less than 1 .0 kcal/hr • m • or w^ 

vessel being heated while the remainder is heat-retained. 

18- A method according to claim 16. wherein ttie step of cooling said alloy is pertdrmed with the vessel holding said 
alloy being accommodated in an outer vessel that is capable of accommodating said alloy holding vessel and that 
has a smaller thermal conductivity than said holding vessel, or that has a thennal conductivity ec^ial to or greater 
than that of said holding vessel and which has a higher initial temperature than said hdding vessel, or that is 
spaced from said holcflng vessel by a gas-f iUed gap. at a sulf idently rapid cooling rate to provide a uniform tenper- 
ature profile through the alloy in said holding vessel no later than the start of the shaping step. 

19, In a method of managing the temperature of a semisolid metal slun^y for use in molding equpment in wWch a md- 
ten metal containing a large number of crystal nudei is poured into a vessel, where it is qoded to produce a semi- 
solid metal ^jrry containing both a solid and a fiquid phase in spedTied amounts. sakI slurry being subsequentiy 
fed into a molding machine for shaping underpressure, the improvement wherein the vessel for holding said molten 
metal is temperature-managed such as to establish a preset desired tenperature prior to the pouring of said molten 
metal and such that said mdten metal is cooled at an intended rate after said molten metal is poured into said ves- 



). An apparatus for managing the tenperature of a semisolid metal sluny to be used in molding equpment in which 
a molten metal containing a large number of crystal nudei is poured from a melt hdding furnace into a vessel, 
where it is coded to produce a semisolid metal durry containing both a solid and a Qquki phase in specified 
amounts and in which said sluny is cfirecfly fed into a mdding machine for shaping under pressure, which appara- 
tus comprising the vessel for conprising the vessel for holding said molten metal, a vessd tenperature contrd sec- 
tion for managing the temperature of said vessd. a senv'sdid nmtal cooling section for managng the tenperature 
of the as-poured molten metal such that it is coded at an intended rate, and a vessel transport mechanism com- 
prising basically a robot for gripping, moving and transporting said vessd and a conveyor for carrying, moving and 
transporting said vessd. 

I - An apparatus according to daim 20. wherdn the vessel temperature contrd section conprises a vessd cooling fur- 
nace for cooling the vessd at an ambient temperature not higher than a target tenperature for the vessd and a ves- 
sel heat-retaining furnace for holding the vessd at an ambient temperatore equal to said target tenperature 

L An apparatus according to daim 20. wherein the semisolid mdal coding section conprises a semisolid metal 
dowly coding furnace and a semisolid metal dowly cooling furnace for managing the tenperatore in itself to be 
higher than the temperatore in said semisdid metal coofir^ furnace. 
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23. An apparatus aocording to daim 22. wherein the semisolid metal cooling furnace is such that the area around the 
vessel carried on the conveyor device moving to pass through said fiirnace is partitioned into three regions, the 
upper, middle and lower parts, by means of two pairs of heat insulating plates, one pair consisting of an upper right 
and an upper left plate and the other pair consisting of a lower right and a lower left plate, with a heater being 
installed in both said qpper and tower parts for heating said two parts at a higher temperature than hot air to be 
supplied to said central part 

24. An apparatus according to claim 22. wherein a preheating furnace is installed at a stage prior to the semisolid metal 
cooling furnace to ensure that both a plinth having a lower thermal conductivity than said vessel and which carries 
said vessel t>efore it is directed to said semisolid metal cooling fumace and a lid having a lower thermal conductivity 
than said vessel and which is to be placed to cover it after it accommodates said molten metal are preheated 
being moved to pass through said preheating furnace in advance. 

25. An af^ratus according to daim 24. wherein the semisolid n^etal coding furnace is equipped with a control unit 
with which the tenperature or the velocity of hot air to be suppTied into said semisolid metal cooling furnace is con- 
trolled to vary with the lapse of time. 

26. An apparatus according to daim 22, wherein the semisolid metal cooling furnace comprises an array of houangs 
each accommodating the vessel as it contains the molten metal and being equipped with an openable cover and 
hot air feed/exhaust pipes, as well as a mechanism by which a receptade for carrying said vessel is rotated about 
a vertical shaft 

27. An apparatus according to daim 26. wherein the housing are each equipped with a vibrator for vibrating the recep- 
tade. 

28. An apparatus according to daim 24, wherein the semisofid metal cooling fumace for treating the molten metal as 
poured into a vessel having a thermal conductivity of at least 1 .0 kcai/hr • m * ""C is supplied with hot air having a 
temperature in the range from 15(rC to 350*0 for aluminum all(^ and from 200''C to 450*'C for magnesium alloys. 

29. An apparatus according to daim 24. wherein the semisofid metal cooling furnace for treating the molten metal as 
poured into a vessel having a thermal conductivity of less than 1 .0 kcal/hr • m • ""C is supplied with hot air having a 
temperature in the range from 50**C to 200^0 for aluminum alloys and from 1 0CTC to 250^0 for magnesium alloys. 

30. A method according to daim 1 or 2, wherein the molten metal as poured into the insulated vessel is isolated from 
the ambient atmosphere t>y closing the top surface of said vessel with an insulating lid having a heat insulating 
effect as long as said molten metal is held within said vessel until the molding temperature is reached. 

31. A method according to daim 1 or 2, wheran the alloy is a zinc alloy. 

32. A method according to daim 1 or 2. wherein the alloy is a hypereutecttc Al-Si alloy having 0.005% - 0.03% P added 
thereto or a hypereutectic Al-Si alloy containing 0.005% - 0.03% P and having either 0.005% - 0.03% Sr or 0.001% 
- 0.01% Na or both added thereto. 

33. A method according to daim i or 2, wherein the alloy is a hypoeutectic Al-Mg alloy contairting Mg in an amount not 
exceeding a maximum solubility limit and which has 0.3% - 2.5% SI added thereto. 

34. A method according to daim 1 or 2. wherein the pressure forming is accompli^ed with the alloy bdng inserted into 
a container on an extruding machine. 

35. A metliod according to daim 34, wherein the extruding machine is of &Vt\eT a horizontal or a vertical type or of such 
a horizontal type in which the container changes position from being vertical to horizontal t}etore shaping and 
wherein the method of extrusion is either direct or indirect 

36. A method according to daim 1 . wherein the crystal nudei are generated by a method in which two or more liquid 
alloys having different melting points that are held superheated to less than SO'^C above the liquidus tenperature 
are mixed either directly within the insulated vessel fiaving a heat insulating effect or along a trough in a path into 
the insulated vessel, such that the temperature of the metal as mixed is either just above or below the liquidus tem- 
perature. 
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37. A method accordng to daim 36, wherein the two or more metals to be mixed are prefiminarBy contacted with 
respective jigs each having a coofing zone such as to produce metals of different melting points that have crystal 
nuclei and which have attained temperatures just either above or betow the liquidus tenperatura 

38- A method aooording to daim 1 , wherein the top surface of the semisolid metal that is held within the insulated ves- 
sel and which is to be fed into the forming mold is removed by means of either a metallic or nonmetalltc jig during 
a period from just after the pouring into said vessel but before the molding temperature is reached and, thereafter, 
said semisolid metal is inserted into an injection sleeve. 

39. A method accorcfing to daim 18, wherein the outer vessel is heated either from irtside or outside or by induction 
heating, with such heating being perftxmed only before or after the insertion of the holding vessel into the outer 
vessel or continued throughout the period not only before but also after said insertion. 

40. A method according to daim 9, wherein the aluminum aOoy is replaced by a zinc alloy. 
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FIG. 5 

Superheated to no more than IOO®C 
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FIG. 6 



Superheated to no more than lOO^C 

(without cooling jig) or 300 *C 

(with cooling jig) above liquidus temperat 
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FIG. 7 
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FIG. 8 Prior Art 
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FIG. II 



Temperature of melt is, depending on cases, 
higher or lower than the liquidus temproture 
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FIG. 12 
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